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Section 1  
Introduction 
CDM Smith, under the Parametrix AES Contract (Contract No. 68-S7-03-04) completes this report 
under Task Order 052 by the U.S. Environmental Protection Agency (EPA).  A portion of the 
comprehensive Task Order involves performing a remedial investigation (RI) for Operable Unit 1 
(OU1) of the Black Butte Mine Superfund Site (site) in Lane County, Oregon. The OU1 study area, 
shown on Figure 1.0-1 encompasses the former new and old furnace mine site areas, including mine 
portals, distributed tailings and the receiving surface water streams immediately adjacent to the 
former mining activity.    

Three phases of investigation were conducted in accordance with Task Order 052 of CDM Smith’s 
comprehensive Work Plan for a Remedial Investigation/Feasibility Study (RI/FS) at the Black Butte 
Mine Superfund Site (CDM Smith 2012a). This data summary report is based on the scope of work 
presented in the Technical Memorandum on Phase 1 Implementation of the Work Plan, the Technical 
Memorandum on Phase 1a Implementation of the Work Plan, and Technical Memorandum on Phase 2 
Implementation of the Work Plan (CDM Smith 2012b, CDM Smith 2013a, CDM Smith 2013b).  

1.1 Purpose 
The purpose of the Phase 1, 1a and 2 activities is to characterize the load of mercury and other metals 
discharging from various potential sources at the Black Butte Mine (BBM) into Garoutte Creek, a 
tributary of the Coastal Fork of the Willamette River.   These remedial investigation phases were 
designed to assess study questions identified in the Optimization Review, Black Butte Mine Superfund 
Site, Lane County, Oregon (EPA 2012) for OU1. These study questions were primarily focused on 
assessing the validity of a Conceptual Site Model (CSM) for the OU1 area as presented in the 
optimization review.  

The purpose of this data summary report is to present results of the remedial investigation activities 
completed to date. These data will be used to assess the validity of the preliminary CSM presented in 
the optimization review for the OU1 area, to recommend modifications to the CSM where applicable, 
and to identify potential data gaps that should be addressed in future RI sampling activities.  

1.2 Background 
In 2009, EPA Region 10 completed a Hazard Ranking System (HRS) evaluation for the site (Ecology 
and Environment 2009). Results of the overland discharge/flood component of the evaluation were 
sufficient to qualify the site for inclusion on the National Priorities List (NPL). Other pathways 
(groundwater, groundwater to surface water, and soil) were excluded from the HRS evaluation 
because their effect on the overall ranking score was negligible. As a result of the HRS evaluation, the 
BBM site was added to the NPL on March 4, 2010. 

An Optimization Review of the Black Butte Mine Superfund Site (Optimization Review) was completed 
by the EPA on July 13, 2012 to evaluate site conditions and identify optimal approaches for conducting 
a RI of the site (EPA, 2012). In this report, a CSM was developed, which identified several key areas 
that contribute to transport of mercury from the Black Butte Mine Site to Cottage Grove Reservoir 
including: 

1-1 
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 Black Butte Mine Site 

 Coast Fork Willamette (CFW) River and Garoutte Creek 

 Cottage Grove Lake Wetland Exposed Low Pool 

 Cottage Grove Lake 

From these defined areas, three operable units were established as follows: 

 Operable unit 1 (OU1): The Black Butte Mine area and vicinity  

 Operable unit 2 (OU2): The CFW River from Big Creek confluence to Cottage Grove Lake 

 Operable unit 3 (OU3): Cottage Grove Lake 

Phase 1, Phase 1a and Phase 2 investigation activities have been focused on OU1.  The key elements of 
the CSM for OU1 as stated in the Optimization Review (EPA 2012) are as follows:  

 The Furnace Creek Tailings Area is a key source for elevated mercury concentrations in 
downstream surface water features including Cottage Grove Lake. 

 Fine-grained, mercury-laden tailings particles are generated from mechanical erosion and are 
transported via surface water flow into Furnace Creek. 

 Mercury in sediments present in the Furnace Creek bed may be remobilized and resuspended 
during storm flow conditions. 

 A portion of the eroded particles contributes to the suspended load in the surface water flows in 
Furnace Creek, Garoutte Creek, CFW River, and Cottage Grove Lake. 

 Similar processes in Dennis Creek and historical impacts in Garoutte Creek along with 
background watershed contributions result in relatively lower contributions of mercury to CFW 
River and Cottage Grove Lake. 

Remedial investigation activities conducted during Phases 1, 1a and 2 of the OU1 remedial 
investigation included assessment of: 

 Storm event surface water from Dennis, Furnace and Garoutte Creeks 

 Sediment within Dennis, Furnace and Garoutte Creeks 

 Background creek sediment in areas within the Garoutte Greek watershed but outside the area 
of Black Butte mining activity 

 Upland groundwater leaching and transport from existing tailings 

 Floodplain groundwater transport of mercury 

 Atmospheric and surface deposition and transport of mercury 

Specific objectives of the Phase 1, 1a and 2 investigations are described in detail in the documents: 

  1-2 
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 Final Black Butte Mine Phase 1 Remedial Investigation – Surface Water Storm Event Sampling 
and Sediment Sampling Quality Assurance Project Plan (BBM QAPP 1), (CDM Smith 2013c) 

 Final QAPP for Black Butte Mine Phase 1 Remedial Investigation – Soil, Groundwater 
Investigation and Summer Quarter Baseline Surface Water Sampling (BBM QAPP 2) (CDM Smith 
2013d).  

 Sample Plan Alteration Form (SPAF) to BBM QAPP 1 for background sediment sampling 
objectives (CDM Smith, 2013e).   

The following sub-sections summarize objectives of the various phased (1, 1a, and 2) investigations. 

1.2.1 Surface Water Investigation 
 Determine the stream discharge rates at Furnace Creek, Dennis Creek, and Garoutte Creek 

throughout the year through installation of stream discharge monitoring stations with 
automated water level monitoring equipment.  

 Evaluate how suspended load and water quality change during increased stream discharge (i.e. 
storm events) through monitoring of automated turbidity, temperature, pH, and conductivity 
monitoring equipment installed at surface water monitoring stations on upstream Garoutte 
Creek, downstream Garoutte Creek, and Dennis Creek.  

 Determine the surface water mercury concentrations as dissolved mercury, suspended load 
mercury, and methylmercury at Furnace Creek, Dennis Creek, upstream Garoutte Creek, and 
downstream Garoutte Creek during storm events.  

 Evaluate the "first flush" effect and determine how mercury concentrations change during the 
pre-peak discharge, peak discharge, and post-peak discharge periods of storm events. 

1.2.2 Stream Sediment Investigation 
 Determine the concentration of mercury, methylmercury, total metals, acid volatile sulfide, and 

sulfate in sediments at background locations in Furnace Creek, Dennis Creek, and Garoutte 
Creek. 

 Determine the concentration of mercury, methylmercury, total metals, acid volatile sulfide, and 
sulfate in sediment at Furnace Creek, Dennis Creek, and Garoutte Creek downstream of the 
former mine activity. 

1.2.3 Atmospheric Deposition Sampling 
 Determine the concentration and rate of deposition of mercury, Contract Laboratory Program 

(CLP) target analyte list (TAL) metals, and common ions in atmospheric deposition in the OU1 
study area, measured via precipitation sampling. 

1.2.4 Subsurface Soil and Groundwater Investigation 
 Characterize upgradient and background levels of dissolved mercury, general chemistry and 

other metals in the shallow alluvial aquifer of the Garoutte Creek floodplain. 

 Characterize concentrations of dissolved mercury and other metals in the shallow alluvial 
aquifer of the Garoutte Creek floodplain. 
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 Characterize the leaching potential of mercury and other metals from mine tailings at the Main 
Tailings Pile and the Old Furnace Tailings Area.  

 Determine if mine tailings, which are a potential source of contamination, are present in the 
Garoutte Creek floodplain. If mine tailings are present, then characterize the leaching potential 
of mercury and other metals from mine tailings in the floodplain. 

 Characterize the hydrogeologic framework of the OU1 study area. Evaluate seasonal changes in 
groundwater levels in the shallow alluvial aquifer of the Garoutte Creek floodplain and the 
alluvial systems of Furnace Creek, and Dennis Creek.  

 Evaluate the flux of mercury and other metals between groundwater and surface water at 
Garoutte Creek, Furnace Creek, and Dennis Creek. 

 Evaluate the impacts to groundwater from atmospheric deposition (from historic furnace 
operation) of mercury on soils located on the west side of the valley, across Garoutte Creek, via 
the unnamed tributary of Garoutte Creek. 

 Investigate the presence of mercury in two former settling basins which were used in historic 
mining operations. If present, evaluate the leaching potential of soil within the former settling 
basins and the impacts to groundwater. 

 Characterize mercury and other metals concentrations in groundwater upgradient of the 
Garoutte Creek floodplain. 

 Collect the data necessary to design a field portable x-ray diffraction (FPXRF) field study. The 
goal of the FPXRF field study is to finalize procedures for using the FPXRF for definitive analysis 
of soil for metals analyses. 

 Characterize water from the spring, which provides drinking water to the private residence. 

1.2.5 LiDAR Survey 
Obtain a light detection and ranging (LiDAR) topographical basemap and image of the site and 
surrounding watershed. The highly-accurate topographical data generated using LiDAR technology is 
being used to: 

 Identify site features from past mining activity that are now covered by vegetation or at a scale 
not easily identified with field reconnaissance. 

 Produce a watershed model for fate and transport evaluation within OU1, for future evaluations 
during the FS phase and for future fate and transport evaluations in OU2 and OU3.   

1.3 Report Organization 
This memorandum is organized into the following sections:  

 Introduction  

 Study Area Investigations 

 Physical Characteristics  
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 Nature and Extent of Contamination  

 Contaminant Fate and Transport  

 Conclusions and Recommendations 
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Section 2  
Study Area Investigations 

2.1 Introduction 
This section describes the OU1 study area investigations and the methods used. A summary and 
schedule of the field work completed during Phases 1, 1a, and 2 of the RI is shown in Table 2.1-1.   

The field investigations were conducted in accordance with the BBM QAPP 1 and associated SPAF and 
BBM QAPP 2 (CDM Smith 2013c, CDM Smith 2013d and CDM Smith 2013e).   

Table 2.1-2 presents a summary of the data collected during these field events. 

Photographs of field investigation activities are presented in Appendix A.  

2.2 Field Investigations 
2.2.1 Site Reconnaissance 
In August 2012, CDM Smith conducted a field reconnaissance of the BBM within areas specific to OU1.  
The purpose of this site visit was to identify and select surface water station locations, sediment 
sampling stations, and groundwater monitoring well locations as well as evaluate equipment access 
restrictions. Representatives from the EPA, the Oregon Department of Environmental Quality (ODEQ), 
and CDM Smith were all present in the field. During the reconnaissance, (the site 
caretaker) residence was visited along with the Main Tailings Pile, New Furnace Area, Old Furnace 
Area, Furnace Creek, and Dennis Creek.  During the site reconnaissance the general locations for the 
site weather station, surface water monitoring stations at Garoutte, Dennis, and Furnace Creek, and 
future OU1 groundwater monitoring wells were selected.  During the inspection of Furnace Creek, it 
was observed that Furnace Creek was flowing in its upper reaches, near the Old Furnace Area, but dry 
near the confluence with Upper Garoutte Creek.  

2.2.2 Surface Water Monitoring Station Installation 
Surface water monitoring stations were installed at upper Garoutte Creek (GU1), Lower Garoutte 
Creek (GD1), Dennis Creek (DC1), and Furnace Creek (FC1) at the locations shown in Figure 1.0-1. 
Each station consisted of a staff gauge, a stilling well, and an integrated water level/water quality 
sensor and data logger.   

2.2.2.1 Staff Gauge Installation 
Staff gauges were installed at each station for manual measurement of the water level in the stream to 
define the stream stages. Each staff gauge is comprised of a cedar plank, T-Bar anchor, and a porcelain 
staff gauge plate all fastened together with U-bolts and brackets. Rationale for the staff gauge locations 
at GU1, GD1, DC1, and FC1 area as follows:  
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 GU1 – The staff gauge was installed at a location accessible from the right bank1 in an area 
anticipated to have flowing water during the dry season. The location is upstream of the 
Furnace Creek confluence. 

 GD1 – The staff gauge was installed at a location within the main channel flow that would have 
flowing water year-round and accessible from the left bank. The location is upstream of the 
Dennis Creek confluence. 

 DC1 – The staff gauge location was chosen in a portion of the channel that would have flow 
throughout the dry season.  The staff gauge is accessible from either bank.  The location is 
upstream of the confluence with Garoutte Creek. 

 FC1 – The staff gauge was installed in a representative section of Furnace Creek that would have 
the best chance of having flowing water during wetter times of the year. This location is 
upstream and outside of the area of influence of Garoutte Creek. 

At each staff gauge, the elevation of the 4-foot mark on the gauge was surveyed during the longitudinal 
survey to tie in the staff gauge stage measurements with the stream longitudinal survey elevation 
data.   

2.2.2.2 Stilling Well Installation 
Stilling wells were installed at each surface water monitoring station so that water level/water quality 
sensors with integrated data loggers could be installed and protected for continuous monitoring of 
water level and water quality. All stilling wells were installed within 10 to 15 feet of a corresponding 
staff gauge. Stilling wells consisted of a drive point, a 2-foot section of 2-inch inside diameter (ID) 
black steel tubing sump, a 1.5-foot section of stainless steel wire-wrap Johnson Screen®, a 2-foot 
section of 2-inch ID black steel tubing riser, and a threaded steel well cap.  The stilling wells were 
installed with the bottom of the screen situated at the creek bottom for year-round monitoring of 
water level and quality at various river stages.  All stilling wells were manually hand-driven.   
Locations of the stilling wells were selected with the intention of capturing the most representative 
and constant flow of their respective creek sections. Care was taken not to place these wells in 
locations where eddies occur that would minimize the capture of suspended solids.  The stilling wells 
were also not placed in areas that have relatively high energy deposition that could result in burial of 
the stilling well pipe. Care was also taken to locate the stilling pipes at locations that would minimize 
potential for damage from floating debris during high-flow storms.  

The stilling pipe for station DC1 was damaged during installation and required a replacement.  The 
replacement stilling pipe consisted of a section of 2-inch diameter Schedule 40 PVC pipe fitted with a 
bottom cap.  The screen was constructed by perforating the lower 1-foot section of the pipe with a ¼-
inch diameter drill. The PVC pipe was installed by strapping it to the outside of the existing damaged 
stilling well with the bottom of the PVC pipe resting on the creek bottom.    

2.2.2.3 Deployment of Water Level/Water Quality Data Loggers 
Two types of combined water quality and data loggers were installed during the November 2012 site 
visit, an In-Situ TROLL 9500, installed at GU1, GD1, and DC1, and an In-Situ AquaTROLL 200 installed 
at FC1.  The TROLL 9500 measures water level, temperature, conductivity, pH, and turbidity. The 

1 Reference to left or right bank is made from the downstream perspective. 
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AquaTROLL 200 measures water level, conductivity, and temperature.  Before mobilization to the 
field, a calibration check was performed in the CDM Smith Bellevue Laboratory to ensure calibration 
of the instruments. A field calibration check for accuracy to within 10 % was also performed prior to 
deployment by collecting readings from within each stilling pipe compared to a manual measurement 
outside of the stilling pipes. Each instrument was installed with the sensor situated in the lower half of 
the stilling well screen. Table 2.2-1 provides a summary of instrumentation details for GD1, GU1, DC1, 
and FC1.   

In general, data from each instrument was downloaded monthly or when field staff were on site for 
other activities. Regular maintenance performed during each data download included: clearing debris 
from the stilling well screens, changing batteries, and replacing desiccant at the vented cable 
connection.   

2.2.2.4 Discharge Measurements 
Stream discharge rates at Garoutte Creek, Denny Creek, and Furnace Creek were estimated from 
longitudinal stream profile surveys as well as determined by direct measurement. The methods used 
for determining stream discharge rates are described in the following sections.   

Longitudinal Stream Profile Surveys 
Longitudinal stream profile surveys were performed at GU1, GD1, and DC1 to collect data necessary 
for calculation of stream discharge versus stage at each creek. This data is used, along with direct 
stream discharge measurements, to establish a rating curve for each creek (refer to Section 3.3.4). 
Longitudinal survey measurements were performed following guidance from the United States 
Department of Agriculture, Forest Service General Technical Report RM-245, Stream Channel Reference 
Sites: An Illustrated Guide to Field Technique (USDA, 1994).  Each survey was conducted beginning at 
the upstream end and working downstream to the downstream end of the survey. Longitudinal 
stream profile surveys were completed as follows:   

 GU1 - A 410-foot survey of Upper Garoutte Creek was completed with a total of 20 stations set 
at intervals of 20 feet. Survey stations were designated station 0+00 to 4+10. The GU1 staff 
gauge is located at approximately station 3+60.  

 GD1 - A 440-foot survey of Lower Garoutte Creek was completed with a total of 22 stations set 
at intervals of 20 feet. Survey stations were designated station 0+00 to 4+45.  The GD1 staff 
gauge is located at approximately station 3+80.   

 DC1 – A 140-foot survey of Dennis Creek was completed with a total of 14 stations set at 
intervals of 10 feet. Survey stations were designated station 0+00 to 1+40. The DC1 Staff gauge 
is located at approximately station 1+30.  

At each survey station, the following stream features were identified and elevation of the feature 
measured: current stream surface, mid-channel thalweg, bank full, and if applicable, low and high 
terraces. Elevations were measured using a laser level and stadia rod.  The position along the survey 
and the stream width at each survey station were measured using a surveyors tape. These data were 
tabulated in the field log book and then plotted in Microsoft Excel for the stream discharge 
calculations presented in Section 3.3.4. A field sketch showing details of the longitudinal stream 
profile survey conducted at DC1 is shown as an example on Figure 2.2-1 (DC1). 
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Prior to conducting the longitudinal stream profile surveys at each creek, a closure survey was 
conducted to check the accuracy of the laser level and surveying method. The closure survey involved 
measuring elevation of several intermediate control points and re-measuring the elevation at the 
starting survey benchmark for acceptable error (error is calculated as the difference between the 
known elevation of the starting benchmark and the elevation of same point measured at the end of the 
closure survey loop). If the error was less than 0.05-feet, the accuracy of the survey was deemed 
acceptable.   

No longitudinal profile stream survey was conducted at the FC1 station on Furnace Creek due to the 
steep gradient and erosional nature of this creek.  These conditions make the creek unsuitable for 
using the longitudinal stream profile survey method to estimate stream discharge.   

Direct Stream Discharge Measurements 
A Swoffer open stream velocity meter (Swoffer gauge) was used to measure stream velocity and depth 
over an established cross-sectional traverse at GU1, GD1, and DC1 in the general vicinity of the staff 
gauge. The stream velocity and depth measurements along the traverse are used to calculate the 
stream discharge at the time of each measurement. The end points of the established cross-sectional 
traverse were marked in the field using driven rebar markers so that the same reference could be 
used in future measurement events. At each traverse location, the velocity and depth measurements 
are collected at equidistant intervals across the traverse, with intervals roughly determined by 
dividing the bank full stream width by 25.     

During periods when Furnace Creek was flowing (late November and December 2012), the stream 
discharge was measured directly at Furnace Creek at a small waterfall located 20 feet upstream of the 
FC1 staff gauge. Direct stream discharge measurement using the Swoffer gauge and cross-sectional 
stream velocity measurement was not feasible due to shallow and low-flow conditions at Furnace 
Creek. Instead, discharge was measured by placing a 5-gallon bucket to capture the discharge and 
using a stopwatch to measure the time required to fill the bucket.  

To improve accuracy of stream discharge measurements at Furnace Creek, a v-notch weir was used to 
measure discharge subsequent to the March 2013 storm event. The v-notch weir was temporarily 
installed at a location approximately 20 feet downstream of the FC1 staff gauge. The v-notch weir was 
constructed of a plastic-lined wooden wall, a v-notch cut in the top of the wall, and hinged wing walls. 
The temporary installation consisted of setting the flume in the center of the stream and using the 
wing walls and soil to hold the flume in place and prevent water from flowing around the flume.  
Measurements were collected by measuring the height of water flowing over the v-notch.  A photo of 
the temporary v-notch weir is provided in Section 3.3.4. 

2.2.3 Atmospheric Deposition and Climate Monitoring 
Precipitation collectors for atmospheric deposition monitoring and a weather station were installed at 
the location shown on Figure 1.0-1.  The equipment was installed within the relatively open area on 
the main tailings pile to minimize interference from trees and tall brush on precipitation sample 
collection and weather measurements.   Figure 2.2-2 shows a photo of the monitoring equipment 
installed at the site. 

An Aerochem Metric Precipitation Collector (ACM Collector) and a secondary pole-mounted 
precipitation collector were installed for collection of precipitation samples during storm events. The 
ACM Collector consists of a weatherproof and stainless steel housing and an automated sample 
collection door.  The collector is equipped with a rain sensor, which triggers opening and closing of the 
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automated sample door during rain events. The collector was installed in the center of a cleared area 
and staked to the ground for stability. To facilitate collection of precipitation samples for low-level 
mercury analysis, a laboratory-cleaned glass funnel, thistle tube and sample collection bottle are 
placed inside the housing of the ACM Collector during sampling events.  The collector is powered by a 
12-volt deep cycle battery. The ACM Collector was previously used by the USGS and ODEQ for 
collection of precipitation samples under the Mercury Deposition Network program and the unit is no 
longer in use.  ODEQ has loaned the collector to EPA for the duration of the Black Butte Mine project.  

The secondary precipitation collector consists of a steel pole cemented into the ground with an 
attached plexiglass stand for placement of the sample collector.  The sample collector consists of a 
laboratory-grade glass funnel and a laboratory supplied sampled container.   The secondary collector 
is used for the collection of precipitation samples for analysis of TAL metals and common ions.   

The weather station consists of a Davis Vantage Pro2 Weather Station mounted on a steel pole 
cemented into the ground. Weather station sensors include a tipping rain bucket, wind vane, 
anemometer, thermometer, and barometer. The weather station is equipped with a wireless read-out 
console and data logger, which is stored within the weatherproof cabinet of the nearby ACM Collector 
to protect the unit from moisture and freezing temperatures. A solar panel provides constant power to 
the sending unit on the weather station. Parameters logged by the weather station include cumulative 
precipitation, precipitation rate, temperature, barometric pressure, wind speed, and wind direction. 
The data logger records data at a 15-minute recording interval during storm events and 1-hour 
intervals for other non-storm event weather monitoring for data collection over long periods of time 
between data collection events.  Weather data collection was initiated on November 8, 2012.   

2.2.4 Storm Event Sampling 
Storm event surface water sampling at GU1, GD1, FC1, and DC1 and atmospheric deposition via 
precipitation sampling at the BBM weather station was conducted to evaluate the loading of mercury 
and other constituents into Garoutte Creek, Furnace Creek, and Dennis Creek during storm events. 
Two storm surface water sampling events were conducted, the first event in March 2013 and the 
second event in November 2013. The following sections describe activities completed during each of 
these sampling events. 

Storm Surface Water Sampling Event #1 (March 2013) 
A field sampling team mobilized to the site on March 4, 2013 and began setting up surface water 
sampling stations. Two staging areas were established, one at lower Garoutte Creek for collecting 
samples at stations GD1 and DC1, and the other staging area at upper Garoutte Creek for collecting 
samples at stations GU1 and FC1. At each staging area, brush was cleared and a temporary rain shelter 
was constructed. Each station was stocked with sampling equipment such as peristaltic pumps, tubing, 
nitrile gloves, and trace mercury sampling gloves, as well as coolers with bottle sets enough for six 
rounds of sampling at each stream location as outlined in the QAPP.  Figure 2.2-4 presents photos of 
the two staging areas. 

Flow and water level/quality sensors at each station were calibrated for monitoring prior to the start 
of the storm event. A portable v-notch weir was installed at FC1 to obtain flow measurements (see 
Section 3.3.4). Data was downloaded from the Troll 9500 water level/quality sensors at GU1, GD1, and 
DC1 and the AquaTroll 200 sensor at FC1 and the sensor calibrations were checked and data loggers 
restarted.  A temporary rain gauge was also set up near the lower Garoutte station staging area to 
monitor cumulative precipitation and precipitation intensity to help gauge the stream response to 
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precipitation. Although there is a permanent rain gauge at the BBM weather station, it is located a 
significant distance from the staging areas making it impractical for use during the storm event 
sampling.  

Surface water samples were collected at station GD1, DC1, GU1, and FC1 following the procedures 
detailed in BBM QAPP1. At each station, a sample collection location for each of the six storm event 
sample rounds was selected in a representative location in the creek, adjacent to the station stilling 
pipe. Sample collection consisted of using a capped, laboratory-cleaned, 1-liter fluoropolymer sample 
bottle (transfer bottle) to collect a sample from a depth of approximately midway between the creek 
surface and the creek bottom.  The transfer bottle was uncapped at the collection depth, allowed to fill 
with water, then recapped at the sample depth and removed from the creek.  The water in the transfer 
bottle was then transferred to individual sample bottles using a peristaltic pump (filtered samples) or 
by pouring the water directly from the transfer bottle into individual sample bottles. Laboratory pre-
cleaned 0.45 µm filters were purged with creek water for three minutes prior to filtering sample water 
from the transfer bottle into the sample bottle. EPA Method 1669 clean hands sampling protocol was 
followed for collection of samples for low-level mercury and methylmercury analyses. Duplicate 
samples were collected at the frequency listed in BBM QAPP1 by filling an additional set of sample 
bottles. Blank samples for low-level total and dissolved mercury analysis were collected by pumping 
laboratory-provided ultra-clean water through a sample train into a sample bottle set, prior to 
collecting a surface water sample.  

Frequent observation of rainfall amounts at the temporary rain gauge, staff gauge levels, and the local 
weather forecast was used to coordinate the collection of the six surface water samples at each station 
so that samples were collected on the rising limb, peak, and falling limb of the river stage hydrograph.  
Rain gauge and staff gauge observations during the sample event were recorded on storm event field 
forms. Figures 2.2-4 through 2.2-7 show hydrograph data and the six sample collection periods that 
occurred at each of the four surface water stations during the March 2013 storm event.  The following 
describes the sequencing for collection of the six surface water samples during the March 2013 storm 
event.  

 On the morning of March 4, 2013, baseline surface water samples were collected at stations 
GD1, GU1, FC1, and DC1. The sampling team broke up into two sub-teams, one 2-person team at 
the upper Garoutte staging area to collect samples at GU1 and FC1 and one 2-person team at the 
lower Garoutte staging area to collect samples at GD1 and DC1. Samples were collected at GD1 
and GU1 synoptically, followed by sample collection at DC1 and FC1. A field blank was collected 
during the baseline sampling of GU1. There was no observed or recorded precipitation on 
March 4, 2013, when the baseline samples were collected.  

 On March 5, 2013 rain began to fall and continued on and off throughout the day. As part of the 
data collection, the temporary rain gauge at the lower staging area and the GD1, GU1, FC1, and 
DC1 staff gauges were generally recorded every hour. The approximate total precipitation 
measured at the temporary rain gauge on March 5, 2013 was only 0.2 inches and the stream 
stages remained the same for all surface water stations with an exception of GD1, which showed 
an increase of 0.02 feet. No surface water samples were collected on March 5, 2013 due to the 
lack of rise in stream stage greater than established triggers for storm event sample collection. 

 On the morning of March 6, 2013, collection of the first storm surface water sample set (first 
sample on the rising limb of the hydrograph) was initiated, after all four stations had observed 
stage increases that triggered sampling.  A total of 0.71 inches of precipitation had accumulated 
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in the temporary rain gauge since the rain event had started on March 5, 2013. GD1 and GU1 
were sampled first in parallel, followed by and FC1 and DC1. A duplicate sample was collected 
at GD1 during this sampling round.  

 The second rising limb sample set was collected several hours later after an additional 0.2 
inches of rain had accumulated and continued stage increases were observed all four stations. 
GD1 and GU1 were sampled first in parallel, followed by DC1 and FC1. A blank sample set was 
also collected at GU1 during this sampling round.  

 By noon on March 6, 2013, the precipitation rate had decreased to 0.01 to 0.03 in/hr and 
effectively stopped by early afternoon. Stage height stopped increasing at each station by early 
afternoon and remained constant until early evening. Based on the termination of the rain event 
and the stable stream stage levels, a decision was made to collect the peak hydrograph sample 
set in the early evening of March 6, 2013. GD1 and FC1 were sampled first in parallel followed 
by DC1 and GU1. A duplicate sample set was collected at DC1 during this sampling round.  

 On the morning of March 7, 2013, 0.01 inches of precipitation had accumulated in the 
temporary rain gauge overnight and all staff gauge readings had dropped from peak flow 
conditions. Collection of the first falling limb sample set was initiated mid-morning of March 7, 
2013. DC1 and FC1 were sampled in parallel, followed by GD1 and GU1. A blank sample set was 
collected at FC1 during this sampling round.  

 On March 8, 2013, the second falling limb sample set (the sixth and final sample set of the 
March 2013 storm sampling event) was collected.  GD1 and DC1 were sampled, followed by FC1 
and GU1.  A duplicate sample set was collected at GD1 during this sampling round. No 
precipitation was observed in the temporary rain gauge from the previous night. However, 
during the storm, the surrounding lower hills showed a dusting of snow, indicating snow level 
had dropped to within the watershed. Staff gauge monitoring indicated a very slow decrease in 
stage since peak levels on March 6, 2013, despite any significant precipitation. One explanation 
for the slow decline in stream stage is snowmelt from the snow accumulated in the higher 
elevations of the watershed as a result of sunny weather and increasing temperatures that 
followed the storm event.  

All surface water samples, precipitation samples, and quality assurance samples were processed using 
the SCRIBE system by the CDM Smith sample management coordinator.  The samples were packaged 
in coolers with ice and shipped under chain-of-custody protocol to EPA Region 10’s Manchester 
Environmental Laboratory (MEL), the CLP laboratory, and subcontractor laboratories.  

Soon after the peak stage sample collection on March 6, 2013, cross-section stream velocity 
measurements were collected at GD1, DC1, and GU1 to determine peak stream discharge. Stream 
discharge during peak stage at FC1 was measured using the temporary v-notch weir and gauging the 
height of water flowing over the temporary v-notch.  

On March 11th and 12th,  water level/quality data from the Troll 9500 and AquaTroll200 sensors were 
downloaded at the GD1, DC1, GU1 and FC1 stations to retrieve data recorded during the storm event. 
Each station data logger’s memory was cleared and the units were programmed to continue recording 
parameters. 
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Storm Surface Water Sampling Event #2 (November 2013) 
A field sampling team mobilized to the site on November 5, 2013 and began setting up surface water 
sampling stations and on November 6, 2013.  Set up included downloading data from the BBM 
weather station, the Troll 9500 sensors at GD1, DC1, and GU1, and performing a calibration check on 
the Troll 9500 sensors per the QAPP. At the FC1 station, Furnace Creek was dry at the stilling pipe and 
had been since June 2013; therefore, the AquaTroll 200 sensor calibration was checked by 
submerging the sensor into Garoutte Creek near GU1 and checked for consistency with the manual In-
Situ multi-probe readings.  The field parameter readings were within range and the sensor was 
redeployed into the dry stilling well at FC1.  Surface water samples were collected per the protocols 
presented in BBM QAPP1 and as previously described for the March 2013 storm event sampling. The 
following describes the conditions and sequencing of the collection of the six surface water samples 
during the November 2013 storm event. Storm event details during sample collection were recorded 
on the storm event field forms and Figures 2.2-8 through 2.2-10 show the hydrograph data with the 
six sample collection periods at each stream station. 

On the afternoon of November 6, 2013, baseline surface water samples were collected at stations GD1, 
GU1, FC1, and D1. There was no observed or recorded rain on November 6, 2013 when the baseline 
samples were collected or on the preceding day. Surface water samples were collected using the same 
equipment and methods used during the March 2013 storm surface water sampling event.  One 2-
person team worked from the upper Garoutte staging area to collect samples at GU1 and FC1 and one 
2-person team worked from the lower Garoutte staging area to collect samples at GD1 and DC1. 
Samples were collected at GD1 and GU1 in parallel, followed by sample collection at DC1 and FC1. Due 
to the lack of flow in Furnace Creek at the FC1 station, the FC1 baseline sample was collected from the 
slow trickle of water discharging from the exposed culvert, located upstream of the FC1 staff gauge.  A 
field duplicate was collected at GU1 during the baseline sampling round. 

On the morning of November 7, 2013, rain began to fall and continued through the early afternoon. 
The first rising limb surface water was collected in late morning after approximately 0.6-inches of 
precipitation had collected in the temporary rain gauge and the GD1, GU1, and DC1 stations had 
observed stage increases equal to or greater than the established triggers for sampling. No flow was 
observed in the channel of FC1, but a slight increase in discharge from the exposed culvert was 
evidence for increased discharge and a sample was collected. Samples were collected at GD1 and GU1 
in parallel, followed by sample collection at DC1 and FC1. A field duplicate was collected at GU1 during 
this sampling round.   

The second rising limb sample set was collected late morning on November 7, 2013 after an additional 
0.2 inches of rain had collected in the temporary rain gauge and significant stage increases were 
observed at GD1, GU1, and DC1. Once again, no flow was observed in the channel at FC1, but a slight 
increase in discharge from the exposed culvert prompted collection of another sample. Samples were 
collected in parallel at GD1 and GU1, followed by sample collection at DC1 and FC1.  A field blank was 
collected at GD1 during this sampling event.   

By mid-afternoon on November 7, 2013, the rain stopped, marking the end of the storm event.  By late 
afternoon staff gauge observations indicated that stage at GD1, GU1, and DC1 had reached a maximum 
and remained relatively stable.  A decision was made to collect the peak flow sample at that time.  
Samples were collected in parallel at GD1 and GU1, followed by sample collection at DC1.  No sample 
was collected at the FC1 during this sampling round because no significant changes in flow rate or 

  2-8 
Final Black Butte OU1 Data Summary Report.docx 



Section 2  •  Study Area Investigations 
 

turbidity of the water discharging from the culvert had been observed throughout the previous three 
sampling rounds.  A field duplicate sample was collected at GD1 during this sampling round.   

In the late evening of November 7, 2013, stage levels at GD1, GU1, and DC1 had begun to decrease in 
response to the end of the rain event and the first falling limb sample set was collected. GU1 and GD1 
were sampled in parallel, followed by sample collection at DC1. No sample was collected at FC1 during 
this sampling round due to no significant change in flow or turbidity observed in the water 
discharging from the culvert.    

By mid-morning on November 8, 2013 stage at all stations had decreased and the second falling limb 
sample set (the sixth and final sample set of the November 2013 storm sampling event) was collected.  
GD1 and GU1 were sampled in parallel, followed by DC1. No sample was collected at FC1 during this 
sampling round due to no significant response in flow or turbidity observed in the water discharging 
from the culvert. A field duplicate was collected at GU1 during this sampling round.  

The BBM weather station and the water level/quality data from the Troll 9500 sensors at GD1, GU1, 
and DC1 were downloaded to retrieve data recorded during the storm event. Each station data 
logger’s memory was cleared and the units were programmed to continue recording parameters. No 
stream velocity measurements were obtained at GD1, GU1, DC1, and FC1 during the November 2013 
storm surface water sampling event as stages were within the same range of previously obtained 
stream velocity measurements.   

Laboratory data from samples collected during this November 2013 field event have not been 
completely received and validated and therefore are not presented in this Data Summary Report.  
They will be included and evaluated in the Remedial Investigation Report for OU1. 

2.2.5 Stream Sediment Sampling 
Two stream sediment sampling events were conducted at the site, including an initial stream 
sediment sampling event in March 2013 and a second stream sediment sampling event in October 
2013. The March 2013 event included sampling of stream sediment in Furnace, Dennis, and lower 
Garoutte Creek at locations immediately downstream of BBM mining activities within OU1. The 
October 2013 event included sampling of sediment in Furnace, Dennis, and Garoutte Creek at 
locations immediately upstream of BBM mining activities outside OU1 to determine background 
sediment concentrations of mercury and other constituents.  

Downstream Stream Sediment 
Downstream sediment samples were collected between March 9, 2013 and March 11, 2013 and 
occurred immediately following the Storm Surface Water Sampling Event #1.  The downstream 
sediment samples were collected in the vicinity of the GD1, DC1, and FC1 surface water monitoring 
stations2. The sediment samples were collected generally following the procedures presented in BBM 
QAPP 1.  The sediment samples for each location consisted of a 30-point composite sample, collected 
in triplicate. The three composite samples were processed in the field and in the laboratory to produce 
a bulk, a <2 millimeter (mm), and a <64 micrometer (µm) fraction and each of these fractions were 
analyzed in the laboratory.  Three discrete grab samples were also collected from each of the 
downstream sediment sites for analysis of sulfate and acid volatile sulfide (AVS).   

2 GU1 is upstream of the former mining activity and therefore is considered a background sediment sample and 
was sampled in October 2013 during the background sediment sampling event. 
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Stainless steel equipment was used to collect, composite, and sieve the sediment samples in the field. 
Prior to collection of each composite sediment sample, all equipment was decontaminated by washing 
and soaking the equipment in Alconox overnight, followed by rinses with distilled water, dilute nitric 
acid, and distilled water.   

The downstream sediment samples at GD1 and DC1 were collected over approximately the same 
stream reach that the longitudinal survey that was conducted over (approximately 440 feet for GD1 
and 140 feet for D1).  At FC1, the sediment sample was collected over a stream reach extending 
approximately 300 feet upstream of the of Furnace Creek/Garoutte Creek confluence. Prior to sample 
collection, each stream was scouted and 30 sub-sample sites were selected and flagged. At each of the 
30 sub-sample locations, a stainless steel sample scoop was used to collect an aliquot of surface 
sediment. Each sub-sample location was submerged and care was taken to remove the sample from 
water column with minimal disturbance and loss of fine sediment.  Triplicate sub-samples were 
collected at each sub-sample location, each placed into three different stainless steel pots. Grab 
samples were also collected at three of the 30 locations and placed directly into glass sample jars for 
analysis of sulfate and AVS. Once all 30 sub-samples were collected into the three stainless steel pots, 
the three pots were brought back to a staging area where they were homogenized by stirring with a 
stainless steel spoon for 10 minutes. Three sample sets for bulk sediment analysis were collected from 
the homogenized sediment in each pot. After the bulk sediment sample was collected, the remaining 
homogenized sediment was processed through a < 2 mm sieve. The sample fraction that passed 
through the 2 mm sieve was sub-sampled and placed in two separate sample bottle sets from each 
triplicate, one set for laboratory analysis on the < 2 mm sediment fraction, and the second set to be 
sent to a laboratory for further processing to separate out the < 64um fraction for analysis.  

The downstream sediment sample was collected at GD1 on March 9th, 2013. Initially, a sediment corer 
was use used to attempt to collect the composite sediment sub-samples; however, it was quickly 
determined that coarse gravels and cobbles underlying the fine surface sediment layer prevented 
sample recovery. As specified in the QAPP, the alternative sampling method of using a stainless steel 
sample scoop was used to collect the sediment sub-samples.  The sediment samples were collected 
from the surface to a depth of approximately 2 inches. The grab sediment samples for sulfate and AVS 
were collected at sub-sample locations 5, 15, and 25. The sediment soil type ranged from sandy silt 
(ML) to well graded sand (SW), based on the Unified Soil Classification System (USCS).  

The downstream sediment sample was collected at DC1 on March 10, 2013. Sediment deposition at 
DC1 was not as prevalent as in GD1, so the 30 sub-samples were collected from seven sediment 
depositional areas along the sampling reach. The grab samples for sulfate and AVS analysis were 
collected at sub-sample locations 5, 15, and 25. Sediment USCS soil types at D1 ranged from sandy silt 
(ML) to poorly graded sand (SP).  A rinsate blank was taken on decontaminated equipment prior to 
sediment sample collection at DC1. 

The downstream sediment sample was collected at FC1 on March 11, 2013. Due to minimal sediment 
deposition areas in lower Furnace Creek, the FC1 sediment sample was collected over a stream reach 
approximately 300 feet in length. Twenty of the sediment sub-samples were collected from within and 
downstream of the washed-out culvert location (directly upstream of the FC1 staff gauge) and the 
other ten sub-samples were collected upstream of the washed-out culvert. The grab samples for 
sulfate and AVS analysis were collected at sub-sample locations 5, 16, and 25. Sediment USCS soil 
types were predominantly silt and clay (ML and CL) and silt with some sand (ML).   
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The sediment samples were maintained on ice, transported back to the CDM Smith Environmental 
Treatability Laboratory in Bellevue, Washington and placed in a walk-in refrigerator. The samples for 
AVS and grain size distribution were shipped to ALS Kelso and the samples for sulfate analysis were 
shipped to MEL on March 13, 2013. The bulk and <2 mm size fraction sediment samples were shipped 
to the CLP laboratory for total metals analyses and MEL for TOC analyses on March 19, 2013. The 
sample masses for all composite samples that had been sieved to <2 mm in the field, preparation for 
further processing in the laboratory to separate the <64 µm fraction, was shipped to Brooks Rand on 
March 21, 2013. The <64 µm fraction of sediment for TOC and TAL metals were shipped to MEL and 
the CLP laboratories on March 26, 2013. The <64 µm fractions for methylmercury analyses were 
retained by Brooks Rand. All sediment samples and quality assurance samples were processed using 
the SCRIBE system by the CDM Smith sample management coordinator.   

Background Stream Sediments 
Background sediment samples were collected between October 8, 2013 and October 10, 2013. 
Samples were collected from areas of Dennis Creek, Furnace Creek, and Garoutte Creeks that are 
upstream of BBM mining disturbance. The sediment samples were collected generally following the 
procedures presented in BBM QAPP 1.  The background sampling locations at Upper Dennis Creek, 
Upper Furnace Creek, and Upper Garoutte Creek are designated UDC1, UFC1, and GU1 and the sample 
locations are shown on Figure 1.0-1. UFC1 was selected at a location below  (local 
resident) drinking water intake, above the tailings pile, and approximately 0.5 miles above the lower 
Furnace Creek FC1 surface water monitoring station. GU1 was selected along the same stream reach 
that the GU1 longitudinal survey was conducted on, over a stream reach starting at the GU1 staff 
gauge and extending 300 feet upstream. UDC1 was selected at a location upstream of the mine tailings 
and all known BBM adit portals. The UDC1 location is approximately one mile upstream from the 
lower Dennis Creek DC1 surface water monitoring station.   

The background sediment samples were collected as 30-point composite samples in triplicate 
following the same procedures used for the downstream sediment sample collection, as described 
above. One variation during the background sediment sample collection was the use of a 2-inch 
diameter glass jar instead of the stainless steel sample scoop.  A steel plate was used to cover the top 
of the glass jar as the jar was being removed from the stream to minimize loss of fine sediment in the 
sample. 

The background sediment sample was collected at UDC1 on October 8, 2013. Composite sample sub-
samples were collected approximately every ten feet along the sample reach. The grab samples for 
sulfate and AVS analysis were collected at sub-sample locations 6, 13, and 24. Sediment USCS soil 
types ranged from sandy silt (ML) with fine to medium-grained sand fractions. 

The background sediment sample collected at UFC1 occurred on October 9, 2013. UFC1 had many 
areas with heavy erosion and much of the sediment consisted of crumbled soil from the collapsing 
stream bank. Composite sub-samples were collected generally every ten feet.  The grab samples for 
sulfate and AVS analysis were collected at sub-sample locations 5, 16, and 25. Sediment USCS soil type 
consisted primarily of silt and clay (ML and CL).  

The background sediment sample collected at GU1 occurred on October 10, 2013.  The GU1 sample 
reach had fewer sediment depositional locations than UDC1 and UFC1; therefore, multiple sub-
samples for the composite samples were collected from many of the same depositional areas. The grab 
sample for sulfate and AVS analysis were collected at sub-sample locations 5, 15, and 25. Sediment 
USCS soil types were predominantly sandy silt with medium-grained sand (ML). 

  2-11 
Final Black Butte OU1 Data Summary Report.docx 

(b) (6)



Section 2  •  Study Area Investigations 
 

The sample containers for methylmercury analyses and sieving at the laboratory to the <64 µm size 
fraction were shipped to Brooks Rand laboratory on the same day the samples were collected. The 
AVS and grain size samples were hand-delivered to ALS Kelso on October 11, 2013. All sediment 
samples for TAL metals analyses were shipped to the CLP laboratory on October 17, 2013 and all 
sediment samples for sulfate and TOC analyses were shipped to MEL on October 21, 2013. All 
sediment samples and quality assurance samples were processed using the SCRIBE system by the 
CDM Smith sample management coordinator.   

2.2.6 LiDAR Survey 
A LiDAR survey covering the BBM property and the Garoutte Creek watershed was completed by CDM 
Smith subconsultant, Watershed Sciences, Inc. (Watershed). The LiDAR survey included a ground 
survey and aerial LiDAR data acquisition.  

Prior to acquiring the LiDAR data, Watershed Sciences completed a ground survey. The ground survey 
included establishing two ground survey monuments and completing a Real Time Kinetic (RTK) 
survey of ground control points. Highly accurate coordinates for the ground survey monuments and 
RTK points are used to geospatially correct the aircraft positional coordinate data and to perform 
quality assurance checks on the final LiDAR data. The LiDAR survey was flown during a period of clear 
weather on April 23, 2013 using a fixed wing aircraft.  

The LiDAR survey report, which includes high resolution topographic contour maps (2-foot contour 
intervals) for the Garoutte Creek watershed are included in Appendix B. 

2.2.7 Monitoring Well Installation and Groundwater Monitoring 
Thirteen monitoring wells were installed using either rotosonic drilling methods or hand driven drive 
point methods. The following sections describe activities completed during the monitoring well 
installation and the subsequent groundwater monitoring events. 

2.2.7.1 Monitoring Well Site Preparation and Permitting 
Prior to mobilizing to the BBM Site, the Oregon Utility Notification Center was called for clearance of 
the monitoring well locations for underground utilities. A site map showing the planned well locations 
was provided to the Oregon Utility Notification Center to help them determine if utilities are present 
at the boring locations. A geophysical survey was also completed by the CDM Smith subcontractor, 
Geopotential, to attempt to locate underground utilities at each boring location prior to drilling. The 
geophysical survey was conducted on June 20, 2013. No underground utilities were identified at the 
well locations. 

Clearing and grubbing was performed to provide drill rig access and access for well installation 
activities at MW2, MW4, MW5, MW6, MW7, MW10, MW11, and MW13. CDM Smith subcontractor, 
Cascade Drilling L.P. (Cascade), used a track mounted Bobcat to flatten vegetation and soil to allow 
equipment access to the well locations. Clearing and grubbing began on June 19, 2013 and was 
finished on June 20, 2013.  

A permit for the monitoring well installation was submitted to the Oregon Water Resources 
Department (OWRD) to obtain start cards for the 13 planned monitoring wells. Included in the OWRD 
permit was a Special Standards Request Form for the alternate well construction for drive point wells 
MW8, MW9, and MW12. The details of drive point well construction are provided in Section 2.2.7.4 
below. 
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2.2.7.2 Monitoring Wells Installed Using Rotosonic Methods 
Monitoring well installation began on June 20, 2013 and ended on June 26, 2013. A track mounted 
CRS-17 rotosonic drill rig was used to advance a 6-inch outer diameter casing to collect soil samples. 
Soil cores were extruded from the casing into 2.5-foot plastic bags and labeled. The soil cores were 
logged by a CDM Smith geologist according to CDM Smith TSOP 3-5 Lithologic Logging (CDM Smith 
2013d). Boring logs are included in Appendix C. Sub-samples were also collected from the soil cores 
for analysis of TAL metals using an FPXRF and in a fixed laboratory following the procedure described 
in the following section. After the soil cores were inspected, the monitoring well screen interval was 
finalized and the soil borings were converted to monitoring wells.  

Monitoring well construction details are listed in Table 2.2-2 and also presented on the boring logs, 
included in Appendix C. Monitoring wells were constructed with certified-clean, 2-inch diameter, 
Schedule 40 polyvinyl chloride (SCH40 PVC), flush-threaded riser pipe and factory slotted well screen 
(0.01-inch slot size). After the drill casing was advanced to the desired depth and the soil removed 
from the casing, the well riser pipe and screen was assembled and lowered through the drill casing to 
the installation depth. Colorado 10-20 silica sand was installed around the well screen as a filter pack 
material. The rotosonic casing was vibrated as it was removed to help consolidate the filter pack 
around the well screen. The filter pack was installed to 1 to 2 feet above the top of the screen. At some 
locations, only 1 foot of sand could be installed above the top of the screen due to the shallow screen 
interval and the OWRD requirement for a 3-foot minimum bentonite seal. Bentonite chips were 
installed from the top of the sand to approximately 1 foot below ground surface (bgs) and hydrated 
with potable water. A concrete pad was poured on top of the bentonite seal. A steel well monument 
was installed around the well casing and set in the concrete pad. The OWRD start card number was 
stamped into the well monument. The start card is fixed to the inside hinge of each well monument. 
Three yellow bollards, set in concrete, were installed around each well monument to protect the well. 
A lock is placed on each well monument to secure the well. 

Monitoring wells were installed at each soil boring location; however, at the locations in the upland 
areas (i.e. MW1, MW10, and MW11) groundwater water was not encountered during drilling to the 
total depth of the boring. These wells were installed to evaluate the potential for intermittent 
groundwater occurrence during the wet season or after periods of heavy rainfall. 

2.2.7.3 Soil Sampling during Rotosonic Drilling 
Sub-samples were collected from rotosonic soil cores after they had been bagged in 2.5 foot sections. 
A 4-ounce disposable scoop was used to collect five subsamples from each 2.5-foot section. The five 
sub-samples were placed in a large plastic zip top bag with a 1.8 mm sieve inside. The soil was 
composited and sieved, to remove rocks and debris, in the large plastic bag. Then the soil was placed 
in a 2-ounce Whirl-Pack® bag and sealed. The soil in the Whirl-Pack® bag was analyzed using a 
FPXRF. Sample identification number and results were recorded electronically on the FPXRF and on 
the field log sheet. 

Soil samples for the FPXRF analysis were only collected from soil above the water table since water 
can interfere with the FPXRF analysis. Some soil samples above the water table were moist and 
required drying in order to sieve the sample. Those samples were composited in a large plastic bag 
and then placed on a disposable aluminum baking sheet to air dry. After the sample had dried, it was 
sieved with a 1.5 mm mesh inserted into a plastic bag and analyzed. Section 4.1 describes the soil 
intervals and locations that were analyzed with the FPXRF and provides tabulated information noting 
which samples were dried, and the location of split samples for offsite laboratory analyses. For 
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samples selected for analysis at an offsite laboratory, the same Whirl-Pack® bag used in the FPXRF 
analysis was submitted to the laboratory. 

2.2.7.4 Monitoring Wells Installed Using Drive Point Methods 
Drive point wells were installed at locations where wells could not be installed using rotosonic drilling 
methods because of difficult rig access. MW12 was installed on June 20, 2013, MW9 was installed on 
June 26, 2013, and MW8 was installed on August 12, 2013. 

A stainless steel drive point tip was screwed onto a 1-inch diameter, 0.01-inch slot size, continuous 
wire-wrap, stainless steel screen. Blank carbon steel pipe was also attached to the stainless steel 
screen to serve as a riser pipe for the well. A fence post slide hammer was used to drive the well point 
into the ground. After the well point was advanced several feet, the top cap was removed and a water 
level measurement was collected. The drive point wells were advanced until measurable water was 
present inside the casing.  Construction details for the drive point wells are listed in Table 2.2-2 and 
included on the well logs in Appendix C. 

2.2.7.5 Monitoring Well Development 
Well development began after each well had set for a minimum of 24 hours and was conducted 
according to CDM Smith TSOP 4-3 Well Development and Purging (CDM Smith 2013d). For wells 
installed using rotosonic methods, the well cap was removed and the initial water level was measured. 
All measurements were recorded on the well development logs. The well was then bailed to remove 
sediment. After the well was bailed, a submersible pump was installed into the well for pumping 
development. The well was pumped until 10 well volumes of groundwater were removed or until 
groundwater temperature, pH, and conductivity had stabilized and turbidity was reduced to below 10 
nephelometric turbidity units (NTUs).  

A peristaltic pump was used to develop the drive point wells. Since the peristaltic pump can remove 
sediment, the drive point wells were not bailed. Drive point wells were pumped until 10 casing 
volumes of groundwater were removed or until groundwater temperature, pH, conductivity had 
stabilized and turbidity was under 10 NTUs. 

2.2.7.6 Wellhead Survey 
Well head elevations for MW2, MW3, MW4, MW5, MW7, MW8, MW9, and MW-12 were measured 
using a laser level and stadia rod. The elevations were tied in with the existing elevation benchmarks 
that were used to survey elevations at the nearby staff gauges at DC1, GU1 and GD1. The horizontal 
position was measured using GPS and vertical elevations determined at the monitoring wells were 
rechecked against Lidar topography and GPS data results. 

2.2.7.7 Groundwater Monitoring 
The 2013 groundwater investigation included installation of 13 groundwater monitoring wells, 
screening of subsurface soil using field portable x-ray diffraction (FPXRF), collection of groundwater 
samples, and groundwater elevation monitoring. Monitoring well locations are shown in Figure 1.0-1. 

Groundwater monitoring during 2013 groundwater investigation included installation of pressure 
transducers/data loggers in selected monitoring wells, downloading pressure transducer data, 
manual groundwater level measurements, and groundwater sampling. Groundwater levels were 
gauged at all wells and groundwater samples collected during two monitoring events:  one event in 
August 2013 and a second event in November 2013.  
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Concurrent with the August 2013 groundwater monitoring event, surface water samples were 
collected at GD1, GU1, DC1 and the water supply source for the local residence (  Residence) 
which is located on upper Furnace Creek near a spring source.  

Groundwater Elevation Monitoring 
Groundwater elevation monitoring included synoptic manual groundwater level measurements at all 
site monitoring wells and continuous groundwater level elevation measurements at selected wells 
using pressure transducer/data loggers.   

Manual groundwater elevation measurements were completed on August 12, 2013 and November 8, 
2013 at all groundwater monitoring wells, except MW8, which was measured on August 15, 2013 and 
November 8, 2013. All measurements were taken following TSOP 1-6 using an electrical water level 
meter tape, which was decontaminated by wiping with a wet paper towel soaked with Liquinox and 
water between well measurements (CDM Smith 2013d).   

Troll 700 pressure transducer/data loggers were installed in MW2, MW3, MW8, and MW12 on August 
15, 2013 for continuous measurement of groundwater levels. At each well, the Troll 700 was 
suspended in the water column using a rugged twist lock cable clamp and a hook on the top of the well 
casing or suspended by a lag bolt fixed to the top of the casing. After installation, each Troll 700 was 
programmed and activated to collect depth to water and temperature measurements every 15 
minutes. The initial parameters and hanging depth for each probe are shown on Table 2.2-3.  

Data was downloaded from the Troll 700 at each monitoring well in October 2013 and again on 
November 8, 2013. After each download event the data loggers are reset to continue logging at 15-
minute intervals.   

Groundwater Sampling  
Groundwater sampling was conducted from August 12, 2013 through August 15, 2013 and from 
November 9, 2013 through November 11, 2013. Low flow groundwater sampling was conducted 
following TSOP 1-12 (CDM Smith 2013d). EPA Method 1669 clean hands sampling protocol was 
followed for collection of samples for low‐level mercury and methylmercury analyses. Based on low 
groundwater levels and/or slow recharge after purging, no sampling was conducted at MW1, MW9, 
MW10, and MW11 during the August 2013 sampling event and no sampling at MW1, MW10, and 
MW11 during the November 2013 sampling event. Only a limited sample set was collected from 
monitoring well MW9 during the November 2013 sampling event due to slow recharge.   

A YSI Model 556 water quality meter and a HACH Model 2202 Turbidimeter were used to monitor 
water quality parameters during low-flow purging. Prior to groundwater sampling each morning, the 
YSI meter was checked using calibration standards for pH (for pH 4, 7, and 10), conductivity, 
Oxidation-Reduction Potential (ORP), and dissolved oxygen (DO). Calibration (i.e., adjustment) of the 
YSI meter was conducted only if readings were outside of 10 percent of the standard value. The 
turbidimeter was also checked using standards and determined to be functioning correctly if within 
10 percent of the standard. 

Upon arrival at each well, groundwater elevation was manually measured using a decontaminated 
electronic water level meter. In 1-inch wells (MW8, MW9, and MW12) the water level meter was 
removed prior to inserting the groundwater sampling tube train. A dedicated, pre-cleaned sampling 
tube train was inserted into each well using the clean hands method. The water quality meter was 
then attached to the end of the tubing train, along with a flow through cell, for continuous monitoring 
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of water quality parameters during purging. Parameters recorded included temperature, pH, 
conductivity, ORP, and DO. Using a peristaltic pump, a low flow of around 200 mL/minute was 
established, and purge water was collected in a bucket. The flow rate was used to record the 
cumulative volume of water purged from the well. Upon initiation of purging, depth to water, water 
quality parameters, and the amount of water purged was recorded every 4-5 minutes, and a turbidity 
measurement was taken using the turbidimeter. Sampling information, including flow rates, volumes 
purged, field parameters, samples collected, etc. were recorded on a Low Flow Groundwater Sampling 
Record field sheet, copies of which have been included in Appendix C.   

Stabilization of field parameters was based on the criteria established for each parameter in TSOP 1-
12 (CDM Smith 2013d). Some wells were purged to dryness prior to stabilization of parameters. In 
those cases, the wells were allowed to recover over a period of time and samples collected after the 
well had recharged. 

Once field parameters were stabilized, the flow through cell was disconnected from the tubing train. 
Clean hands procedures were used to attach a filter to the tubing train. The filter was purged with well 
water for 3 minutes. Using clean hands procedures, samples were then collected for low level total and 
dissolved mercury, dissolved TAL metals and dissolved organic carbon with the filter in place. The 
filter was then removed and samples were collected for total TAL metals, nitrate/nitrite, anions, 
alkalinity, and total dissolved solids. All samples were processed using SCRIBE and the samples were 
labeled and kept on ice in coolers for shipment to laboratories under chain of custody protocol. 

QA/QC sampling included collection of field duplicate samples. During the August 2013 sampling 
event one duplicate groundwater and one duplicate surface water sample were collected. During the 
November 2013 event, one duplicate groundwater sample was collected.  Additional QA/QC sampling 
included collection of field blanks and preservative blanks, as described below. 

A field blank sample was collected during the August 2013 and the November 2013 groundwater 
sampling events. The field blank samples were collected for total and dissolved low level mercury 
analysis using clean hands procedures. First, a peristaltic pump was used to draw ultra-clean 
deionized water through a pre-cleaned surface water tubing train to purge a filter for 3 minutes. 
Continuing to use clean hands procedures and ultra-clean deionized water, field blanks were then 
collected for mercury analysis (low level total and dissolved mercury and total and dissolved 
methylmercury). All QA/QC samples were processed using SCRIBE and the samples were labeled and 
kept on ice in coolers for shipment to laboratories under chain of custody protocol. 

Groundwater laboratory data from samples collected during the November 2013 sampling event have 
not been completely received and validated and therefore are not presented in this Data Summary 
Report.  They will be included and evaluated in the Remedial Investigation Report for OU1. 

Investigation Derived Waste  
Investigation derived waste included drill cuttings, development water, purge water, decon water, and 
sampling expendables. A disposal area for IDW was established on the Main Tailings pile for disposal 
of all soil and water generated during the groundwater investigation. A flat area was selected for the 
IDW disposal area and a silt fence was installed around the area as shown in Figure 2.2-11  

Drill cuttings were transferred to the IDW disposal area upon completion of drilling at each well 
location. Well development water and purge water was collected in buckets during well development 
and groundwater sampling. Development and purge water was poured on the ground within the IDW 
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disposal area. Sampling expendables, such as nitrile gloves, were contained within a garbage bag and 
disposed in a municipal trash receptacle. 

2.3 Deviations from the QAPPs 
The following deviations from BBM QAPP 1 and BBM QAPP 2 are noted for completion of the work 
described in this report: 

 Incorrect control limits had been inadvertently included in BBM QAPP 1 on Worksheets #28e 
and #28g, Measurement Performance Criteria. The correct limits are 70 to 130% for all metals 
except Sb and Ag, which have limits of 50 to 150%. Corrected control limits for CLP TAL metals 
laboratory control samples were used for data validation. 

 The Estimated Quantitation Limit (EQL) and Project Quantitation Limit Goal (PQLG) for 
mercury, in worksheet #15f of the BBM QAPP 1, were incorrectly listed as 0.01 mg/kg. The 
correct EQL and PQLG are 0.1 mg/kg, which meet the Project Action Limit (PAL) of 0.2 mg/kg.   
via a SPAF submitted and approved on March 21, 2013. 

 The In Situ Troll 9000 XP data logger at GD1 was pulled on February 13, 2013, because it was 
discovered the unit had stopped recording data one day following its last download on 
December 21st, 2012. The data logger was sent for servicing and then calibrated and reinstalled 
for collecting data on March 4th, 2013, prior to the Storm Surface Water Sampling Event #1.  

 The In Situ Troll 9000 XP data logger at DC1 was logging a stage level that was lower than the 
staff gage reading upon first approach on March 4th, 2013. Based on the readout, the logger had 
been reading incorrectly since February 13, 2013. The probe was pulled from the stilling well, 
recalibrated, and then reinstalled. A new stage reference, corresponding to the current staff 
reading, was entered and the unit was initiated to begin collecting data for the upcoming storm 
event. These data have been corrected when electronic measurement could be calibrated with 
manual readings (storm event sampling), or clipped where the data are suspect and could not 
be calibrated with a manual reading. 

 A stainless steel sampling scoop and 2-inch glass jar was used to collect sediment samples 
during the downstream sediment sampling and background sediment sampling events, 
respectively. BBM QAPP 1 specified that an AMS sediment coring sampler would be used to 
collect sediment samples from locations where the depth of the water column was greater than 
12-inches.  During the downstream sediment sampling event it was determined that the AMS 
sediment coring sampler was not capable of retrieving samples at this site due to the presence 
of coarse gravel underlying the fine sediment depositional areas.  A SPAF was prepared and 
approved by EPA for the background sediment sampling performed in October 2013.  

 Composite sediment samples were not sieved in the field to 63 µm as outlined in the BBM QAPP 
1, but instead the <63 µm size fraction was separated by a subcontract lab. An additional <2 mm 
fraction sample set was collected and sent to the lab for the < 63 µm size fraction processing. In 
the contract lab, a 64 µm mesh was used instead of the < 63 µm mesh outlined in the QAPP; 
however, this change was determined acceptable by key BBM Project Team members, including 
EPA region 10 and CDM Smith staff during a March 21, 2013 conference call. The method used 
by the lab to obtain to the <64 µm fraction was the QAPP-described USGS wet method.   
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 A Troll 700 pressure transducer was installed as a replacement water level measurement 
device to the Troll 9000 multi-parameter probe that was installed in GD1 on August 15th, 2013. 
The Troll 9000 was found with a drained battery repeatedly and was deemed faulty. A Troll 700 
pressure transducer was installed in the stilling well while the faulty Troll 9000 was sent in for 
repairs. This Troll 700 was originally intended to be installed to track groundwater level in 
MW-10, but was re-purposed at GD1 to prevent the loss of flow data on Garoutte creek. The 
Troll 9000 was repaired and re-deployed on October 7th, 2013. Although pH, conductivity and 
turbidity were lost during this time, the Troll 700 was able to track stage height and 
temperature at GD1. 

2.4 QA/QC Summary 
During the Phase 1 field work, QA/QC samples were collected to evaluate accuracy, precision and 
representativeness in the field processes. In most cases, duplicates of samples were collected at a 
frequency of 10 percent of the total samples by medium and analyses. Equipment rinsates consisted of 
the final rinse water (deionized water) after it had been in contact with a cleaned sampling tool and 
were also submitted at the frequencies presented in the QAPPs. Quality control (QC) samples (i.e., 
duplicates and equipment rinse blanks) collected and analyzed are summarized in Tables 2.4-1 
through 2.4-8. A summary of the data validation and usability findings for each field event is provided 
in Appendix D. 

All field measurement equipment were checked with standards and/or calibrated daily prior to use. 
An equipment calibration log or other documentation was kept for each piece of equipment requiring 
calibration.  

Analytical laboratory data were validated to the Stage 4 level.  The QAPPs, the analytical methods, and 
EPA’s Contract Laboratory Program National Functional Guidelines for Inorganic Superfund Data 
Review (EPA 2010) were used for data evaluation and validation.  

The sediment analyses for Total Organic Carbon (TOC) and sulfate that were performed by MEL were 
reported on a wet-weight basis. All other analytical results were reported on a dry-weight basis.  
Reporting analytical results on a wet-weight basis yields lower values than reporting on a dry-weight 
basis, with the difference being directly proportional to the percent solids of the samples. 

Brooks Rand generated the finest sediment fractions of the composite sediment samples using a 
sieving method based on a United States Geologic Survey (USGS) technique provided in Appendix F of 
the BBM QAPP 1.  Sediment material that was field-sieved to less than 2 millimeters (mm) and 
submitted for processing to the finer fraction for analysis was further sieved to less than 64 microns 
for the March 2013 Stream Sediment Sampling event and to less than 62 microns for the October 2013 
Background Stream Sediment Sampling event.  

2.4.1 Field QA/QC 
Quality control activities were performed in the field in accordance with BBM QAPP 1 and BBM QAPP 
2. These activities included: 

 Checking of standards with and calibration of instruments used for field measurements 
including YSI-556 meters, turbidity meters, and a FPXRF instrument. 

 Collection of field duplicates 
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 Collection of field blanks 

 Collection of rinsate blanks as applicable for decontaminated sampling equipment  

2.4.2 Analytical Data QA/QC 
Data generated by the CLP laboratories was validated by an EPA Region 10 chemist to the Stage 4 level 
(S4VM). Data generated by MEL, was verified with all steps of Stage 4 validation by supervisory 
chemists at MEL. Subcontract laboratory data was validated to the Stage 4 level (S4VM) by a CDM 
Smith chemist. The results of the data validation and verification are discussed in Appendix D. 

2.4.2.1 Duplicates 
Three field duplicates were collected for the March 2013 Storm Event #1, and the November 2013 
Storm Event #2 surface waters. One field duplicate sample was collected for the analyses of the grab 
sediment samples for the March 2013 Stream sediment samples. Eight field duplicates were collected 
for the June 2013 Monitoring Well Installation soils. One field duplicate for the surface water samples 
and a field duplicate for the groundwater samples were collected for the August 2013 Groundwater 
and Surface Water samples.  And, one field duplicate was collected for the grab sediment samples for 
the October 2013 Background sediment samples. These rates of collection met the QAPP-required rate 
of one field duplicate per 10 field samples. The results of the field duplicate analyses are presented in 
Tables 2.4-1 through 2.4-5 and discussed in more detail in Appendix D. 

2.4.2.2 Rinsate Blanks 
Rinsate blanks were not required for surface water and groundwater sampling because dedicated 
equipment was used for sampling. During the June 2013 Monitoring Well Installation soil sampling, 
the drill rods were decontaminated between monitoring well borings and rinsate blanks were 
collected daily. During the March 2013 Stream Sediment sampling, the stainless-steel collection scoop 
used to collect sediments and the stainless-steel pots and spoons used for processing of the sediment 
composites were decontaminated between sediment collection stations.  A rinsate blank was collected 
for the scoop and spoon and a rinsate blank was collected for the pots. During the October 2013 
Background Sediment sampling, the small jar, the flat stainless-steel implement collection instruments 
and the stainless-steel pots and spoons were decontaminated between sediment collection locations.  
A rinsate blank was collected for the small jar and the flat implement and a rinsate blank was collected 
for the spoons and pots. The results of the rinsate blanks are presented in Table 2.4-6 and discussed 
in more detail in Appendix D. 

2.4.3 Data Completeness 
All analyses of all samples submitted were performed successfully. All data is considered acceptable 
with qualification of selected data as described in Appendix D, which yields a completeness result of 
100%. 

2.4.3.1 Outstanding Analytical Data 
All data for the March 2013 Storm Surface Water Sampling Event #1, the March 2013 Downstream 
Sediment Sampling, the June 2013 Monitoring Well Installation Soil Sampling, and the August 2013 
Groundwater and Surface Water Sampling events has been received in final form. At the time of the 
writing of this report, the final electronic data deliverable (EDD) for background sediment analyses 
collected in October 2013 performed by MEL (sulfate and total organic carbon) has not yet been 
received. Also, at the time of the writing of this report, the data received for the November 2013 Storm 
Surface Water Sampling Event #2 was incomplete and is not included in this report.  
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2.4.3.2 Rejects 
No data received to date, including samples collected during  the March 2013 Storm Event #1 
sampling, the March 2013 Downstream Sediment sampling, the June 2013 Monitoring Well 
Installation Soil Sampling, the August 2013 Groundwater and Surface Water Sampling, and the 
October 2013 Background Sediment sampling events have been rejected. All data is acceptable for use. 

2.4.3.3 Estimated Values 
Analytical data has been estimated on the basis of blank contamination, matrix spike (MS) and matrix 
spike duplicate (MSD) analyses, sample duplicate analyses, field duplicate results, serial dilutions 
(target analyte list metals), and possible artifact formation of methylmercury during the analysis. A 
more detailed discussion of the results of the data validation and validation reports are included in 
Appendix D.  
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Figure 2.2-1
Field Sketch of DC1 Longitudinal 

Survey 

(b) (6)



Figure 2.2-2
ACM Collector and Site Weather 

Station



Figure 2.2-3
Storm Monitoring Staging Areas
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Figure 2.2-7
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Figure 2.2-11
IDW Disposal Area 
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Table 2.1-1 Field Work Completed During Phases 1, 1a and 2
Date Activity
8/23/2012 Site Reconnaissance
10/29/2012- 11/7/2012 Longitudinal Surveys of Upper Garoutte Creek, Lower Garoutte Creek, and Dennis Creek
10/30/2012-11/2/2012 Surface Water Monitoring Station Installation
11/3/2012 Atmospheric Deposition (Precipitation) Collectors and Weather Station Installation 
11/27/2012-11/29/2012 Deployment of Stream Water Level/Water Quality Sensors with Integrated Data Loggers
3/4/2013- 3/8/2013 Storm Surface Water and Precipitation Sampling Event #1
3/9/2013- 3/11/2013 March 2013 Downstream Sediment Sampling Event
4/23/2013 LiDAR Survey
6/19/2013- 6/25/2013 Groundwater Monitoring Well Installation
8/12/2013- 8/15/2013 August 2013 Groundwater and Surface Water Sampling Event
10/8/2013 – 10/10/-2013 October 2013 Background Sediment Sampling Event
11/6/2013- 11/8/2013 Storm Surface Water and Precipitation Sampling Event Sampling #2
11/9/2013– 11/11/2013 November 2013 Groundwater Sampling Event
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Table 2.1-2 Black Butte Mine Data Collection Summary for OU1 Remedial Investigation   (November 2012 - November 2013)

Long-Term Surface Water 
Monitoring Stations (4 

locations)

Monitoring Wells                (13 
locations)

On-Site Weather 
Station

Site Wide

Temp x
pH x

Cond. x

Turbidity
x                                             

(except FC1 station)

Spring Qtr (March 2013 Storm 
Event)

x

Summer Qtr (mid August 2013) 
x  (FC1 not flowing, so  
upper Furnace above 

tailings sampled)

Fall Qtr / Seasonal First Flush 
(November 2013 )

x

Winter (Storm Event - High Flow) pending

x                                            
(except GU1 station)

Data Locations

4 locations                                
(August 2013 deployment) 

x

Parameter

x

Continuous Field WQ Data

Continuous Water Level Data

Stream Discharge (from rating curve)

Sediment Data (Lab Analyzed)
Includes TAL Metals, Hg, MeHg, TOC, AVS, grain size

Surface Water Quality Data 
(Lab Analyzed) Includes Total 

and Dissolved TAL Metals, 
Total & Dissolved Hg, Total 

and Dissolved MeHg, 
UVA/SUVA, DOC, TSS, 

Anions/Cations

Background Sediment Data (Lab Analyzed)                                               
Includes TAL Metals, Hg, MeHg, TOC, AVS, grain size

October 2013; Three background sites:  GU1 station, Upper Furnace Creek (Above Tailings), and Upper 
Dennis Creek (Above Mine/Ore Body)
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Table 2.1-2 Black Butte Mine Data Collection Summary for OU1 Remedial Investigation   (November 2012 - November 2013)

Long-Term Surface Water 
Monitoring Stations (4 

locations)

Monitoring Wells                (13 
locations)

On-Site Weather 
Station

Site Wide

Data Locations

                                 
   

Parameter

   x
DMA Scheduled                         
(February 2014)

Summer Qtr (mid August 2013) x

Fall Qtr (Following November 
2013 Storm Event)

x

x

x

x

Climate Data (precip, temp, wind etc…)

Atmospheric Deposition 
(Total Hg, MeHg, TAL metals, anion/cations in rainfall)

LiDAR (1 ft DEM at OU1; 3 ft for 10 mi2 watershed

Soil (Field XRF and Lab)                                                              
Includes TAL metals, Total Hg

Groundwater Quality (Lab 
Analyzed & Field Parameters)   

pH, dissolved oxygen, 
oxidation-reduction 

potential, conductivity, 
temperature, turbidity, 
Dissolved TAL Metals, 

Dissolved Hg, Dissolved 
MeHg, DOC, TDS, 
Anions/Cations
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Table 2.2-1 Surface Water Monitoring Instrumentation
Sta. Instrument Serial No. Parameters Start Date Logging Interval
GU1 TROLL 9500 50963 Depth, Temp., pH, Conductivity, Turbidity 11/28/2012 15 Min.
GD1 TROLL 9500 50962 Depth, Temp., pH, Conductivity, Turbidity 11/28/2012 15 Min.
DC1 TROLL 9500 50964 Depth, Temp., pH, Conductivity, Turbidity 11/29/2012 15 Min.
FC1 AquaTROLL 200 325514 Depth, Temp., Conductivity 11/28/2012 15 Min.
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Table 2.2-2 Monitoring Well Construction Details

Well ID
Total Depth of 

Exploration (feet-bgs)
Bottom of Well Completion 

(feet-bgs)
Sreen Interval                                 

(feet-bgs)
MW1 10 10 5 - 10
MW2 15 14.5 5 - 14.5
MW3 20 15 10 - 15
MW4 15 15 5 - 15
MW5 15 15 10 - 15
MW6 10 10 5 - 10
MW7 20 15 10 - 15
MW8 5.3 5.1 2.8-5.1
MW9 5.6 5.4 2.4-5.4

MW10 15 15 10 - 15
MW11 70 20 15 - 20
MW12 7.6 7.4 4.4-7.4
MW13 15 15 10 - 15

* Notes:
    - bgs: Below Ground Surface
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Table 2.2-3 Groundwater Monitoring Instrumentation
Monitoring Well Date Depth of Probe below Top of Casing (ft) Depth of Probe below Water Surface (ft) Depth of Water Surface below Top of Casing (ft) Temperature (oC)
MW2 15-Aug-13 17.8 9.83 7.97 13.21
MW3 15-Aug-13 15.05 3.36 11.69 15.43
MW8 15-Aug-13 7.25 2.87 4.38 14.05
MW12 15-Aug-13 7.25 1.03 6.22 16.28
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Table 2.4-1 March 2013 Surface Water Duplicate Comparison Black Butte Mine Superfund Site, Lane County, Oregon

Chemical Units Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q
Mercury ng/L 6.35 5.66 11.5 17.7 19.8 11.2 7.26 7.17 1.2 77.4 94.5 19.9 2.21 2.22 0.5 8.2 8.31 1.0
Methylmercury ng/L 0.051 U 0.052 U NA 0.05 U 0.05 U NA 0.05 U 0.05 U NA 0.103 0.101 2.0 0.051 U 0.053 U NA 0.05 U 0.049 U NA
Aluminum ug/L 57.1 52.5 8.4 144 J 179 J 21.7 20 U 73.8 >2 x CRQL 291 J 271 J 7.1 20 U 20 U NA 68.8 J 74.8 J 8.4
Antimony ug/L 60 U 60 U NA 60 U 60 U NA 60 U 60 U NA 60 U 60 U NA 60 U 60 U NA 60 U 60 U NA
Arsenic ug/L 1 U 1 U NA 1 U 1 U NA 1 U 1.4 NA 2.8 2.6 7.4 1 U 1 U NA 1 U 1 U NA
Barium ug/L 10 U 10 U NA 10 UJ 10 UJ NA 10 U 10 U NA 14.6 15.9 J 8.5 10 U 10 U NA 10 U 10 U NA
Beryllium ug/L 5 U 5 U NA 5 U 5 U NA 5 U 5 U NA 5 U 5 U NA 5 U 5 U NA 5 U 5 U NA
Cadmium ug/L 1 U 1 U NA 1 U 1 U NA 1 U 1 U NA 1 U 1 U NA 1 U 1 U NA 1 U 1 U NA
Calcium ug/L 8090 7980 1.4 8430 8640 2.5 13500 14800 9.2 14600 13300 9.3 7420 7700 3.7 7920 7570 4.5
Chromium ug/L 2 U 2 U NA 2 U 2 U NA 2 U 2 U NA 2 U 2 U NA 2 U 2 U NA 2 U 2 U NA
Cobalt ug/L 1 U 1 U NA 1 U 1 U NA 1 U 1 U NA 1 U 1 U NA 1 U 1 U NA 1 U 1 U NA
Copper ug/L 2 U 2 U NA 2 UJ 2 UJ NA 2 U 2 U NA 2.6 2.6 J 0.0 2 U 2 U NA 2 U 2 U NA
Iron ug/L 135 122 10.1 450 430 4.5 111 103 7.5 728 613 17.2 100 U 100 U NA 152 174 13.5
Lead ug/L 1 U 1 U NA 1 U 1 U NA 1 U 1 U NA 1 U 1 U NA 1 U 1 U NA 1 U 1 U NA
Magnesium ug/L 1700 J 1720 J 1.2 1930 J 1950 J 1.0 3100 J 3290 J 5.9 3360 J 3280 J 2.4 1640 J 1670 J 1.8 1700 J 1610 J 5.4
Manganese ug/L 9 J 8.2 J 9.3 38.5 35.3 8.7 11.3 J 11.3 J 0.0 58.4 53.8 8.2 15 U 15 U NA 9.5 J 8.8 J 7.7
Nickel ug/L 1 U 1 U NA 1 U 1 U NA 1 U 1 U NA 1 U 1 U NA 1 U 1 U NA 1 U 1 U NA
Potassium ug/L 376 J 353 J 6.3 473 J 492 J 3.9 339 J 379 J 11.1 328 J 340 J 3.6 605 J 363 J 50.0 367 J 317 J 14.6
Selenium ug/L 5 U 5 U NA 5 U 5 U NA 5 U 5 U NA 5 U 5 U NA 5 U 5 U NA 5 U 5 U NA
Silver ug/L 1 U 1 U NA 1 U 1 U NA 1 U 1 U NA 1 U 1 U NA 1 U 1 U NA 1 U 1 U NA
Sodium ug/L 3420 J 3330 J 2.7 3690 J 3800 J 2.9 3340 J 3550 J 6.1 3400 J 3340 J 1.8 3350 J 3370 J 0.6 3410 J 3130 J 8.6
Thallium ug/L 1 U 1 U NA 1 U 1 U NA 1 U 1 U NA 1 U 1 U NA 1 U 1 U NA 1 U 1 U NA
Vanadium ug/L 5 U 5 U NA 5 U 5 U NA 5 U 5 U NA 5 U 5 U NA 5 U 5 U NA 5 U 5 U NA
Zinc ug/L 4 J+ 2 U NA 2 U 2 U NA 2 U 2 U NA 2 U 2 U NA 2 U 2 U NA 2 U 2 U NA

Alkalinity, Total1 mg/L -- -- -- 32.8 32.1 2.2 -- -- -- 35.4 35.5 0.3 -- -- -- 29.5 29.5 0.0
Chloride mg/L -- -- -- 1.43 1.43 0.0 -- -- -- 1.43 1.37 4.3 -- -- -- 1.41 1.41 0.0
Fluoride mg/L -- -- -- 0.04 U 0.04 U NA -- -- -- 0.04 U 0.04 U NA -- -- -- 0.04 U 0.04 U NA
Nitrogen, Nitrate-Nitrite mg/L -- -- -- 0.0802 0.0744 7.5 -- -- -- 0.129 0.128 0.8 -- -- -- 0.129 0.127 1.6
Sulfate mg/L -- -- -- 1.06 1.06 0.0 -- -- -- 16.5 15.4 6.9 -- -- -- 1.17 1.17 0.0
Total Suspended Solids mg/L -- -- -- 17.2 17.5 1.7 -- -- -- 19.4 22.3 13.9 -- -- -- 2.81 3.43 19.9
DOC mg/L 6.5 6.8 4.5 -- -- - 7.4 7.5 1.3 -- -- - 4.0 4.5 11.8
UV254 /cm 0.088 0.084 4.7 -- -- -- 0.135 0.134 0.7 -- -- -- 0.037 0.039 5.3
SUVA254 L/mg-M 1.35 1.24 8.5 -- -- -- 1.82 1.79 1.7 -- -- -- 0.925 0.867 6.5
* Notes:
    - abs: absolute value of difference between concentrations is less than the reporting limit.  Applicable when either N or FD concentration is less than 5 times the reporting limit. 
    - Bold: exceeds criteria     - N: Normal sample     - U: Below detection limit (reporting limit shown)
    - D: dissolved metals     - NA: Not applicable     - ug/L: micrograms per liter
    - FD: Field Duplicate     - Q: Laboratory qualifier     - UJ: concentration estimated at the reporting limit shown
    - J: Estimated value     - RPD: relative percent difference
    - mg/L: milligrams per liter     - T: total metals

RPD
%

RPD
%

3/8/2013 3/8/2013
N FD

T T
3/8/2013 3/8/2013RPD

% D D

N FD

T
3/6/2013 3/6/2013

T
RPD

% D D
3/6/2013RPD

%
3/6/2013 3/6/2013

T
RPD

%
3/6/2013Sample Date 3/6/2013 3/6/2013

Total/Dissolved D D T

GD1DC1GD1GD1

Sample Name MJSF72    MJSF74

Location

MJSF71 MJSF73 MJSF87 MJSF89 MJSFB0 MJSFA8 MJSFA9 MJSFA7

Other

MJSF88 MJSF90

DC1 GD1

Sample Type N FD N FD N FDN FD
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Table 2.4-2 March 2013 Impacted Sediment Duplicate Comparison Black Butte Mine Superfund Site, Lane County, Oregon

Chemical Units Result Q Result Q
Acid Volatile Sulfide µMole/g <0.034 <0.036 NA
* Notes:
    - abs: absolute value of difference between concentrations is less than the reporting limit.  Applicable when either N or FD 
       concentration is less than 5 times the reporting limit. 
    - Bold: exceeds 50% RPD criteria     - Q: Laboratory qualifier
    - FD:  Field Duplicate     - RPD: relative percent difference
    - mg/kg: milligrams per kilogram     - U: Below detection limit (reporting limit shown)
    - N: Normal sample     - µMole/g: microMoles per gram

Sample Date 3/10/2013 3/10/2013

Location DC1 

Sample Type N FD RPD
%

Sample Name 13104201 13104202



Table 2.4-3 June 2013 Soil Duplicate Comparison Black Butte Mine Superfund Site, Lane County, Oregon

   

4 of 10

Chemical Units Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q
Aluminum mg/kg 24600 J 26400 J 7.1 21000 J 20400 J 2.9 52600 J 51400 J 2.3 17600 J 15600 J 12.0 16100 J 14000 J 14.0
Antimony mg/kg 0.91 UJ 0.98 UJ NA 1.4 J- 1.6 J- 13.3 37.8 J- 35.7 J- 5.7 8.2 J- 8 J- 2.5 6.7 J 4.5 J- 39.3
Arsenic mg/kg 30 J 30.6 J 2.0 25.2 J 25.8 J 2.4 301 J 314 J 4.2 25.6 J 25.3 J 1.2 55.7 J 51.9 J 7.1
Barium mg/kg 163 J 184 J 12.1 170 J 170 J 0.0 26.1 J 24.6 J 5.9 58.4 J 56.7 J 3.0 116 J 112 J 3.5
Beryllium mg/kg 0.6 0.59 1.7 0.9 0.87 3.4 0.65 0.6 J 8.0 0.63 0.65 3.1 0.62 0.62 0.0
Cadmium mg/kg 1 J 1.2 J 18.2 0.81 J 0.8 J 1.2 1.2 J 1.1 J 8.7 1.3 J 1.4 J 7.4 1.5 J 1.4 J 6.9
Calcium mg/kg 10100 J 10700 J 5.8 3080 J 3050 J 1.0 3440 J 3270 J 5.1 1060 J 1040 J 1.9 2700 J 2440 J 10.1
Chromium mg/kg 35.7 J 42 J 16.2 36.8 J 35.9 J 2.5 81.5 J 78.2 J 4.1 28.2 J 31.5 J 11.1 29.6 J 28.8 J 2.7
Cobalt mg/kg 22.6 27.3 18.8 30.8 29.9 3.0 17.3 15.9 8.4 30.9 34 9.6 89.5 78.3 13.3
Copper mg/kg 116 J 129 J 10.6 43.8 J 44.4 J 1.4 92.7 J 89.9 J 3.1 98.8 J 97.1 J 1.7 126 J 134 J 6.2
Iron mg/kg 47700 51500 7.7 44800 J 44900 J 0.2 64200 J 59600 J 7.4 51000 J 51100 J 0.2 57600 42100 J 31.1
Lead mg/kg 3.3 3.7 11.4 9.9 9.6 3.1 11.6 10.4 10.9 7.6 7.7 1.3 5.6 5.3 5.5
Magnesium mg/kg 4030 J 4360 J 7.9 2140 J 2140 J 0.0 908 J 848 J 6.8 1430 J 1220 J 15.8 2860 J 2690 J 6.1
Manganese mg/kg 990 J 1430 J 36.4 1690 J 1700 J 0.6 921 J 885 J 4.0 707 J 754 J 6.4 2350 J 2260 J 3.9
Mercury mg/kg 0.1 U 0.11 U NA 3.4 3.3 3.0 2.6 2.7 3.8 4.1 3.3 21.6 2.7 2.5 7.7
Nickel mg/kg 37.6 48 24.3 13.9 12.6 9.8 32.7 30.5 7.0 11.5 10.8 6.3 33.1 28.7 14.2
Potassium mg/kg 330 J 351 J 6.2 357 J 371 J 3.8 625 U 596 U NA 414 U 399 U NA 133 J 401 U NA
Selenium mg/kg 2.3 UJ 2.4 UJ NA 2.8 UJ 2.6 UJ NA 3.2 UJ 2.8 UJ NA 2.1 UJ 2 UJ NA 2.2 UJ 0.15 J- < 2 x CRQL
Silver mg/kg 0.45 U 0.49 U NA 0.56 U 0.52 U NA 0.64 U 0.56 U 13.3 0.41 U 0.41 U NA 0.43 U 0.38 U NA
Sodium mg/kg 269 J 286 J 6.1 142 J 126 J 11.9 228 J 205 J 10.6 106 J 126 J 17.2 328 J 247 J 28.2
Thallium mg/kg 0.45 U 0.49 U NA 0.56 U 0.52 U NA 0.64 U 0.59 8.1 0.41 U 0.41 U NA 0.43 U 0.38 U NA
Vanadium mg/kg 65.5 J 77 J 16.1 107 J 109 J 1.9 106 J 100 J 5.8 149 J 155 J 3.9 95.7 J 86.3 J 10.3
Zinc mg/kg 38.2 J 43.1 J 12.1 80.6 J 74.7 J 7.6 94 J 86.9 J 7.8 41.4 J 41.4 J 0.0 79.1 J 75.7 J 4.4

Vanadium ug/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Chromium ug/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Manganese ug/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Cobalt ug/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Nickel ug/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Aluminum ug/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Antimony ug/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Arsenic ug/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Barium ug/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Beryllium ug/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Cadmium ug/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Calcium ug/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Copper ug/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Iron ug/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Lead ug/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Magnesium ug/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Sample Type N FD
RPD

%

N FD
Sample Name MJSYG4 MJSYG5 MJSYJ1 MJSYJ2 MJSYJ8 MJSYJ9 MJSYL0 MJSYL1

Location MW-1, 7.5 feet, sieved MW-5, 0 feet, sieved MW-6, 0 feet, sieved MW-7, 5 feet, sieved MW-6, 5 feet, sieved

N FD
6/22/2013

MJSYK2 MJSYK3

RPD
%

N FD
RPD

%T T T T
RPD

%

N FD
RPD

%
Sample Date 625/2013 6/25/2013 6/24/2013 6/24/2013 6/22/2013 6/24/2013 6/24/2013 6/22/2013 6/22/2013

TTotal/SPLP T T T T T

Modified SPLP Metals
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Chemical Units Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q

Sample Type N FD
RPD

%

N FD
Sample Name MJSYG4 MJSYG5 MJSYJ1 MJSYJ2 MJSYJ8 MJSYJ9 MJSYL0 MJSYL1

Location MW-1, 7.5 feet, sieved MW-5, 0 feet, sieved MW-6, 0 feet, sieved MW-7, 5 feet, sieved MW-6, 5 feet, sieved

N FD
6/22/2013

MJSYK2 MJSYK3

RPD
%

N FD
RPD

%T T T T
RPD

%

N FD
RPD

%
Sample Date 625/2013 6/25/2013 6/24/2013 6/24/2013 6/22/2013 6/24/2013 6/24/2013 6/22/2013 6/22/2013

TTotal/SPLP T T T T T

Mercury ug/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Molybdenum ug/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Potassium ug/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Selenium ug/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Silver ug/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Sodium ug/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Thallium ug/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Zinc ug/L -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

* Notes:
    - abs: absolute value of difference between concentrations is less than the reporting limit.  Applicable when either N or FD concentration is less than 5 times the reporting limit. 
    - Bold: exceeds 50% RPD crite    - N: Normal sample     - U: Below detection limit (reporting limit shown)
    - FD: Field Duplicate     - NA: Not applicable     - ug/L: micrograms per liter
    - J: Estimated value     - Q: Laboratory qualifier     - UJ: concentration estimated at the reporting limit shown
    - mg/L: milligrams per liter     - RPD: relative percent difference
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Chemical Units
Aluminum mg/kg
Antimony mg/kg
Arsenic mg/kg
Barium mg/kg
Beryllium mg/kg
Cadmium mg/kg
Calcium mg/kg
Chromium mg/kg
Cobalt mg/kg
Copper mg/kg
Iron mg/kg
Lead mg/kg
Magnesium mg/kg
Manganese mg/kg
Mercury mg/kg
Nickel mg/kg
Potassium mg/kg
Selenium mg/kg
Silver mg/kg
Sodium mg/kg
Thallium mg/kg
Vanadium mg/kg
Zinc mg/kg

Vanadium ug/L

Chromium ug/L

Manganese ug/L

Cobalt ug/L

Nickel ug/L

Aluminum ug/L

Antimony ug/L

Arsenic ug/L

Barium ug/L

Beryllium ug/L

Cadmium ug/L

Calcium ug/L

Copper ug/L

Iron ug/L

Lead ug/L

Magnesium ug/L

Sample Type
Sample Name

Location

Sample Date
Total/SPLP

Modified SPLP Metals

Result Q Result Q Result Q Result Q
60700 J 63700 J 4.8 18800 J 18800 J 0.0 -- --

49.5 J 46.8 J 5.6 6.9 J- 5.5 J- 22.6 -- --
318 J 345 J 8.1 32.7 J 26.9 J 19.5 -- --

25.1 J 26.8 J 6.6 155 J 137 J 12.3 -- --
0.69 0.72 4.3 0.66 0.63 4.7 -- --

1.1 J 1.2 J 8.7 1.1 J 1.2 J 8.7 -- --
727 J 761 J 4.6 1280 J 1290 J 0.8 -- --

79.3 J 80.6 J 1.6 27.2 J 27.9 J 2.5 -- --
19.7 19.9 1.0 32 31.3 2.2 -- --
128 J 130 J 1.6 70.8 J 68.2 J 3.7 -- --

67000 71200 6.1 52200 J 54400 J 4.1 -- --
10.5 11.2 6.5 8.6 8.6 0.0 -- --
469 J 456 J 2.8 1380 J 1370 J 0.7 -- --
557 J 539 J 3.3 1390 J 1280 J 8.2 -- --
3.3 3.7 11.4 90.7 77.5 15.7 -- --

31.7 32.1 1.3 12.9 13.3 3.1 -- --
38.5 J 34.4 J 11.2 403 U 393 U NA -- --

2.5 UJ 2.1 UJ N 2 UJ 1.8 UJ NA -- --
0.49 U 0.42 U N 0.4 U 0.36 U NA -- --
303 J 328 J 7.9 95.6 J 113 J 16.7 -- --

0.63 0.61 3.2 0.4 U 0.36 U NA -- --
114 J 117 J 2.6 156 J 159 J 1.9 -- --

46.2 J 47.9 J 3.6 72.4 J 73.5 J 1.5 -- --

-- -- -- -- -- -- -- -- -- -- 2.4 0.68 > 2 x RL

-- -- -- -- -- -- -- -- -- -- 0.66 0.42 44.44

-- -- -- -- -- -- -- -- -- -- 16 J 5.1 J 103.32

-- -- -- -- -- -- -- -- -- -- 0.54 0.16 108.57

-- -- -- -- -- -- -- -- -- -- 1.3 0.55 81.08

-- -- -- -- -- -- -- -- -- -- 2900 J 660 J 125.84
-- -- -- -- -- -- -- -- -- -- 0.2 0.2 U < 2 x RL
-- -- -- -- -- -- -- -- -- -- 0.8 0.24 107.7
-- -- -- -- -- -- -- -- -- -- 150 J 150 J 0
-- -- -- -- -- -- -- -- -- -- 1 U 1 U NA
-- -- -- -- -- -- -- -- -- -- 0.01 U 0.01 U NA
-- -- -- -- -- -- -- -- -- -- 602 405 39.1
-- -- -- -- -- -- -- -- -- -- 6.6 J 2 J 107.0

-- -- -- -- -- -- -- -- -- -- 1400 261 137.1
-- -- -- -- -- -- -- -- -- -- 0.2 0.24 < 2 x RL
-- -- -- -- -- -- -- -- -- -- 1270 693 58.8

MJSYK1

MW-6, 2.5 feet, sieved

MJSYK0

RPD
%

N FD

T
6/22/2013 6/22/2013

T

  

MW-7, 0 feet, unsieved

MJSYK5 MJSYK6
N FD

RPD
%

6/24/2013 6/24/2013
T T

6/22/2013 6/22/2013
SPLP SPLP

MW-6, 5 feet, unsieved

13244301 13244303
N FD

RPD %
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Chemical Units

Sample Type
Sample Name

Location

Sample Date
Total/SPLP

Mercury ug/L

Molybdenum ug/L

Potassium ug/L

Selenium ug/L

Silver ug/L

Sodium ug/L

Thallium ug/L

Zinc ug/L

* Notes:
    - abs: absolute value of differ                          
    - Bold: exceeds 50% RPD crite
    - FD: Field Duplicate
    - J: Estimated value
    - mg/L: milligrams per liter

Result Q Result Q Result Q Result Q

MJSYK1

MW-6, 2.5 feet, sieved

MJSYK0

RPD
%

N FD

T
6/22/2013 6/22/2013

T

MW-7, 0 feet, unsieved

MJSYK5 MJSYK6
N FD

RPD
%

6/24/2013 6/24/2013
T T

6/22/2013 6/22/2013
SPLP SPLP

MW-6, 5 feet, unsieved

13244301 13244303
N FD

RPD %

-- -- -- -- -- -- -- -- -- -- 0.639 0.05 U > 2 x RL
-- -- -- -- -- -- -- -- -- -- 0.05 0.05 U < 2 x RL
-- -- -- -- -- -- -- -- -- -- 2000 U 1600 < 2 x RL
-- -- -- -- -- -- -- -- -- -- 0.05 U 0.05 U NA
-- -- -- -- -- -- -- -- -- -- 0.025 U 0.025 U NA
-- -- -- -- -- -- -- -- -- -- 889 825 7.5
-- -- -- -- -- -- -- -- -- -- 0.02 U 0.02 U NA
-- -- -- -- -- -- -- -- -- -- 210 J 190 J 10.0
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Table 2.4-4 August 2013 Surface Water and Groundwater Duplicate Comparison Black Butte Mine Superfund Site, Lane County, Oregon

Chemical Units Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q
Mercury ng/L 3.23 4.94 41.9 7.49 6.07 20.9 2.11 2.22 5.1 -- -- -- -- --
Methylmercury ng/L 0.051 U 0.05 U 2.0 0.0652 0.0679 4.1 0.230 0.254 9.9 -- -- -- -- --
Aluminum ug/L 20 U 20 U NA 20 U 20 U NA 200 U 200 U NA -- -- -- -- --
Antimony ug/L 60 U 60 U NA 60 U 60 U NA 2 U 2 U NA -- -- -- -- --
Arsenic ug/L 1.6 1.3 20.7 1.5 1.4 6.9 16.1 15.6 3.2 -- -- -- -- --
Barium ug/L 31.2 30.7 1.6 31.1 31.6 1.6 200 U 200 U NA -- -- -- -- --
Beryllium ug/L 5.0 U 5 U NA 5 U 5 U NA 5 U 5 U NA -- -- -- -- --
Cadmium ug/L 1 U 1 U NA 1 U 1 U NA 5 U 5 U NA -- -- -- -- --
Calcium ug/L 53600 56000 4.4 55900 53800 3.8 34400 34800 1.2 -- -- -- -- --
Chromium ug/L 2 U 2 U NA 2 U 2 U NA 10 U 10 U NA -- -- -- -- --
Cobalt ug/L 1 U 1 U NA 1 U 1 U NA 1.1 1.1 0.0 -- -- -- -- --
Copper ug/L 0.35 J 0.44 J 22.8 0.45 J 0.46 J < 2 x CRQL 25 U 25 U NA -- -- -- -- --
Iron ug/L 17.1 J 19.5 J 13.1 100 U 100 U NA 1240 1260 1.6 -- -- -- -- --
Lead ug/L 1 U 1 U NA 1 U 1 U NA 1 U 1 U NA -- -- -- -- --
Magnesium ug/L 11900 J 12400 J 4.1 12400 11900 4.1 6140 6210 1.1 -- -- -- -- --
Manganese ug/L 15 U 16.2 7.7 17.4 17.1 1.7 204 203 0.5 -- -- -- -- --
Nickel ug/L 1 U 1 U NA 1 U 1 U NA 0.45 J 0.59 J < 2 x CRQL -- -- -- -- --
Potassium ug/L 5000 U 5000 U NA 5000 U 5000 U NA 5000 U 5000 U NA -- -- -- -- --
Selenium ug/L 5 U 5 U NA 5 U 5 U NA 35 U 35 U NA -- -- -- -- --
Silver ug/L 1 U 1 U NA 1 U 1 U NA 10 U 10 U NA -- -- -- -- --
Sodium ug/L 5230 5430 3.8 5310 5310 0.0 11200 11400 1.8 -- -- -- -- --
Thallium ug/L 1 U 1 U NA 1 U 1 U NA 1 U 1 U NA -- -- -- -- --
Vanadium ug/L 0.55 J 5 U < 2 x CRQL 5 U 5 U NA 50 U 50 U NA -- -- -- -- --
Zinc ug/L 2.1 J 2 UJ 4.9 2.1 J 3 J < 2 x CRQL 60 U 60 U NA -- -- -- -- --

MW5                                                          
(Groundwater)

N FD

T TDTotal/Dissolved D D T T D
Sample Date 8/13/2013 8/13/2013 8/13/2013 8/13/2013 RPD

%
RPD

%

N FD
RPD

%
8/13/2013 8/13/2013 8/13/20138/13/2013

FD
Sample Name MJSZZ7 MJSZ05 MJSZZ6 MJSZZ04
Sample Type N FD

RPD
%

N
MJSZZ4* MJSZZ5 13324207 13324209

Location
DC1                                                     (Surface 

Water) 
DC1                                                                   

(Surface Water) 
MW5                                                          

(Groundwater)
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Table 2.4-4 August 2013 Surface Water and Groundwater Duplicate Comparison Black Butte Mine Superfund Site, Lane County, Oregon

Chemical Units Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q

MW5                                                          
(Groundwater)

N FD

T TDTotal/Dissolved D D T T D
Sample Date 8/13/2013 8/13/2013 8/13/2013 8/13/2013 RPD

%
RPD

%

N FD
RPD

%
8/13/2013 8/13/2013 8/13/20138/13/2013

FD
Sample Name MJSZZ7 MJSZ05 MJSZZ6 MJSZZ04
Sample Type N FD

RPD
%

N
MJSZZ4* MJSZZ5 13324207 13324209

Location
DC1                                                     (Surface 

Water) 
DC1                                                                   

(Surface Water) 
MW5                                                          

(Groundwater)

Alkalinity, Total1 mg/L -- -- -- 63.5 64.4 1.4 -- -- -- 128 129 0.8
Chloride mg/L -- -- -- 2.55 2.54 0.4 -- -- -- 2.84 2.83 0.4
Fluoride mg/L -- -- -- 0.040 U 0.040 U NA -- -- -- 0.0918 0.0919 0.1
Nitrogen, Nitrate-Nitrite mg/L -- -- -- 0.0603 0.0602 0.2 -- -- -- 0.05 U 0.005 U NA
Sulfate mg/L -- -- -- 130 131 0.8 -- -- -- 3.27 3.19 2.5
Total Suspended Solids mg/L -- -- -- 2.0 U 2.0 U NA -- -- -- -- -- --
Total Dissolved Solids mg/L -- -- -- -- -- -- -- -- -- 168 172 2.4
* Notes:

    - abs: absolute value of difference between concentrations is less than the reporting limit.  Applicable when either N or FD concentration is less than 5 times the reporting limit. 
    - FD: Field Duplicate     - NA: Not applicable     - ug/L: micrograms per liter
    - J: Estimated value     - Q: Laboratory qualifier     - UJ: concentration estimated at the reporting limit shown
    - mg/L: milligrams per liter     - RPD: relative percent difference
    - N: Normal sample     - U: Below detection limit (reporting limit shown)

Other

* CLP TAL metals results were reported under CLP number MJSZZ3. However, based on the results of ion balances and comparison with data collected from the wells in 
November 2013, it is believed that samples MJSZZ3 and MJSZZ4 were inadvertently switched in the laboratory in error.
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Table 2.4-5 March 2013 Impacted Sediment Duplicate Comparison Black Butte Mine Superfund Site, Lane County, Oregon

Chemical Units Result Q Result Q
Acid Volatile Sulfide µMole/g <0.0.067 0.049 NA  
* Notes:
    - FD: Field Duplicate     - RPD: relative percent difference
    - mg/kg: milligrams per kilogram     - U: Below detection limit (reporting limit shown)
    - N: Normal sample     - µMole/g: microMoles per gram
    - Q: Laboratory qualifier

Location DC1 

Sample Name 13104201 13104202
Sample Type N FD RPD

%Sample Date 3/10/2013 3/10/2013



Table 2.4-6 Rinsate Blank Results Black Butte Mine Site, Lane County, Oregon

1 of 2

June 2013 Soil   

Chemical Unit Result Q Result Q Result Q Result Q Result Q Result Q
ALUMINUM ug/l 20 U 20 U 20 U 200 U 610 171 J
ANTIMONY ug/l 60 U 60 U 60 U 2 U 2 U 2 U
ARSENIC ug/l 1 U 1 U 1 U 1 U 1 U 1 U
BARIUM ug/l 10 U 10 U 10 U 200 U 200 U 200 U
BERYLLIUM ug/l 5 U 5 U 5 U 5 U 5 U 5 U
CADMIUM ug/l 1 U 1 U 1 U 5 U 5 U 5 U
CALCIUM ug/l 5000 U 5000 U 5000 U 5000 U 5000 U 5000 U
CHROMIUM ug/l 2 U 2 U 2 U 10 U 10 U 10 U
COBALT ug/l 1 U 1 U 1 U 1 U 2.5 1 U
COPPER ug/l 2 U 2 U 2 U 25 U 25 U 25 U
IRON ug/l 100 U 290 100 U 100 U 1070 953
LEAD ug/l 1 U 1 U 1 U 1 U 1 U 1 U
MAGNESIUM ug/l 5000 U 5000 U 5000 U 5000 U 308 J 95.1 J
MANGANESE ug/l 15 U 15 U 15 U 15 U 196 16.4
MERCURY ug/l 0.15 J 0.19 J 0.16 J 0.2 UJ 0.2 UJ 0.2 UJ
METHYL-MERCURY ng/l 0.02 U 0.024 J 0.02 U -- -- --
NICKEL ug/l 1 U 1.3 1 U 40 U 1.3 J 0.5 J
POTASSIUM ug/l 5000 U 223 J 5000 U 5000 U 5000 U 5000 U
SELENIUM ug/l 5 U 5 U 5 U 35 U 35 U 35 U
SILVER ug/l 1 U 1 U 1 U 10 U 10 U 10 U
SODIUM ug/l 5000 U 5000 U 5000 U 5000 U 5000 U 5000 U
THALLIUM ug/l 1 U 1 U 1 U 1 U 1 U 1 U
VANADIUM ug/l 5 U 5 U 5 U 50 U 50 U 50 U
ZINC ug/l 4.7 5.7 1.7 J 60 U 60 U 60 U
TOTAL ORGANIC CARBON mg/L -- -- -- -- -- --
* Notes:
    - '-- : Not Analyzed
    - ug/l: micrograms per liter

Location
Date Collected

Sample
3/25/2013

0313BBM-RB-64µ

March 2013 Sediment
GD1

3/10/2013
0313BBM-GD1-SE-501

GD1
3/10/2013

0313BBM-GD1-SE-502

MW4
6/24/2013

0613BBM-MW-7-SO-500

MW11
6/22/2013

0613BBM-MW-11-SO-500

MW3
6/21/2013

0613BBM-MW-3-SO-500



Table 2.4-6 Rinsate Blank Results Black Butte Mine Site, Lane County, Oregon
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Chemical Unit
ALUMINUM ug/l
ANTIMONY ug/l
ARSENIC ug/l
BARIUM ug/l
BERYLLIUM ug/l
CADMIUM ug/l
CALCIUM ug/l
CHROMIUM ug/l
COBALT ug/l
COPPER ug/l
IRON ug/l
LEAD ug/l
MAGNESIUM ug/l
MANGANESE ug/l
MERCURY ug/l
METHYL-MERCURY ng/l
NICKEL ug/l
POTASSIUM ug/l
SELENIUM ug/l
SILVER ug/l
SODIUM ug/l
THALLIUM ug/l
VANADIUM ug/l
ZINC ug/l
TOTAL ORGANIC CARBON mg/L
* Notes:
    - '-- : Not Analyzed
    - ug/l: micrograms per liter

Location
Date Collected

Sample

June 2013 Soil

1013BBM-RB-62µ
Result Q Result Q Result Q Result Q Result Q

283 341 -- 20 U 53
2 U 2 U -- 60 U 60 U
1 U 1 U -- 1 U 1 U

200 U 200 U -- 10 U 6.8 J
0.98 J 5 U -- 5 U 5 U

5 U 5 U -- 1 U 1 U
5000 U 5000 U -- 5000 U 5000 U

10 U 10 U -- 2 U 2.1
1 U 1.1 -- 1 U 0.16 J

25 U 25 U -- 2 U 2 U
1900 497 -- 100 U 205

1 U 1 U -- 1 U 1 U
239 J 186 J -- 5000 U 5000 U

70.1 42.2 -- 15 U 14.9 J
0.2 UJ 0.2 UJ -- -- --

-- -- 0.02 U 0.02 U 0.139
0.81 J 0.72 J -- 0.2 J 2

5000 U 5000 U -- 5000 U 5000 U
35 U 35 U -- 5 U 5 U
10 U 10 U -- 1 U 1 U

5000 U 5000 U -- 5000 U 5000 U
1 U 1 U -- 1 U 1 U

50 U 50 U -- 5 U 0.26 J
60 U 60 U -- 0.68 J 1.3 J
-- -- U -- -- --

0613BBM-MW-13-SO-500 1013BBM-UFC1-RB-001

MW6
6/22/2013

0613BBM-MW-6-SO-500

UDC1
10/10/2013

1013BBM-UDC1-RB-002

MW13
6/26/2013

October 2013 Sediment
UFC1

10/10/2013



 

Section 3  
Physical Characteristics 
Evaluation of the physical characteristics of the OU1 study area is important to facilitate evaluation of 
the nature and extent of contamination, contaminant fate and transport and risk assessments. This 
section describes: 

 Site features such as site access, topography, tailings areas, former furnace areas and other 
remnant mining-related infrastructure 

 Climatic factors such as precipitation, wind speed and direction, and temperature.  A review of 
long-term precipitation data for the area is presented to evaluate the 2013 study period within 
the context of typical weather conditions for the site. 

 Surface water physical characteristics such as watershed characteristics and stream discharge 
rates.  

 Geologic factors relevant to the OU1 RI such as bedrock characteristics and ore mineralogy 

 The hydrogeologic framework, which is our current conceptual understanding of the 
groundwater flow system 

  Ecologic factors relevant to the OU1 RI such as terrestrial and aquatic habitat 

 Land use information, which is useful in assessment of contaminant fate and transport and 
assessment of risks to human health and the environment  

Physical characteristics of the OU1 study will be characterized in more detail as the OU1 RI 
progresses. The information compiled to date is summarized in this section to support the 
assessments of nature and extent of contamination, contaminant fate and transport and risk, which 
are presented in Sections 4, 5 and 6 of this data summary report respectively. 

3.1 Site Features 
The Black Butte mine is located in an area of rugged topography on the east side of Garoutte Creek as 
shown on Figure 3.1-1. Elevations in the area range from approximately 1,000 feet (ft) above mean 
sea level (msl) adjacent to Garoutte Creek to approximately 2,600 ft msl at the top of Black Butte.  A 
flood plain area is present near Garoutte Creek, and the topography rises steeply beyond the flood 
plain to the top of Black Butte. The OU1 study area is located within the watersheds of Dennis Creek 
and Furnace Creek, which tributaries to Garoutte Creek. Much of the OU1 study area is covered by 
thick vegetation, which makes site access challenging for sampling activities such as soil sampling and 
well installation.  

The OU1 study area is accessible by paved roads leading from Cottage Grove, Oregon to the OU1 study 
area and several natural surface roads located within the OU1 study area. The OU1 Study Area is 
accessed by traveling approximately 10 miles south to the end of London Road, which leads south 
from the city of Cottage Grove.  
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3.1.1 General Site Features 
Currently, much of the OU1 study area is undeveloped forest. A single-family residence  
Residence) is within the OU1 study area and present near the flood plain of Garoutte Creek.  The 
residence includes a home, several outbuildings and a hay field. A water system is present, which 
conveys surface water from the upper portion of the Furnace Creek tributary through a system of 
hoses and tanks used by the residence for a potable water source. This residence is occupied year-
round. 

Many of the site features pertinent to the OU1 RI are associated with the former Black Butte Mine, an 
historic underground mercury mine operated intermittently from the late 1880’s to the late 1960’s. 
The underground mine consists of a network of underground tunnels that follow the Black Butte ore 
body. The extent to which these tunnels are interconnected is currently unknown.  

3.1.2 Furnace Areas 
Two furnace areas, termed the “old furnace” and the “new furnace” were utilized to process mercury 
ore and produce elemental mercury as shown on Figure 3.1-1. These furnaces functioned by heating 
the mercury ore to temperatures above the stability temperature of the mineral cinnabar (HgS), which 
volatilized the mercury and sulfur (Rytuba 2002). The volatile emissions from the furnace were 
passed through a condenser system, which collected elemental mercury as it cooled and condensed 
from mercury vapor into elemental mercury.  

Remnants of the old furnace are located on the north side of the Furnace Creek tributary. The 
foundation of the furnace and a group of sub-vertical pipes of approximately 12 inch diameter are 
present in the area.  These vertical pipes, shown on Figure 3.1-2, are thought to have been a part of 
the condenser system for the furnace. Miscellaneous steel pipes and other former furnace-related 
infrastructure are also present in the area of the foundation. This type of furnace operated by 
placement of a “charge” of ore and fuel into the furnace, and burning the fuel to heat the ore to 
temperatures that caused mercury and sulfur to volatilize.  

The new furnace is relatively more intact. The new furnace is a horizontal rotary kiln furnace, which 
consists of an approximately 30-ft. long by approximately 4-ft. diameter inclined pipe, in which ore 
and fuel was placed.  The pipe rotated during operation, causing the fuel and ore to move from one 
end of the furnace to another. A wood structure is also present at one end of the furnace, which likely 
contains the condenser system, although this building has not been entered. One advantage of the 
rotary furnace was that it provided for continuous operation by placing fuel and ore in one end and 
discharging the tailings at the other end.  

3.1.3 Tailings 
After the mercury was recovered from the ore, the tailings were discharged directly downslope from 
the furnaces, which was common operational mine practice in the US prior to approximately 1970. 
Mercury tailings are also called “calcines” because lime and/or calcium carbonate was added to the 
ore to assist in desulfurization of the ore (Rytuba 2002). In this report, the more general term 
“tailings” is used. The tailings are relatively coarse in texture and have a characteristic pink to red 
color, which results from oxidation of iron present in the ore.  The texture of the tailings ranges 
generally from sandy gravel to gravel, which when combined with the color makes the tailings 
relatively easy to differentiate from natural materials.  
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Tailings produced by the old furnace were discharged directly to the Furnace Creek tributary. These 
tailings have been remobilized downstream to some extent and have, in places, buried the channel of 
Furnace Creek. The tailings produced by the new furnace are present in an area located between 
Furnace Creek and Dennis Creek and along a slope adjacent to the flood plain of Dennis Creek. During 
the removal action, tailings from the new furnace area that contained relatively lower mercury 
concentrations were used to cover tailings in the Old Furnace Area, which contained relatively higher 
mercury concentrations. In addition, a steep and unstable slope of the new furnace tailings pile 
adjacent to Dennis Creek was modified to slow erosion of the tailings into the Dennis Creek floodplain. 

3.1.4 Underground Mine 
Underground mine workings constructed prior to 1934 were documented by the USGS (Wells and 
Waters 1934), and are shown on Figure 3.1-1. It is reported that the mine continued to operate on an 
intermittent basis through the late 1960’s, and therefore additional underground workings are 
certainly present at the Black Butte Mine. The underground workings accessed the mercury ore 
through several adits (i.e. approximately horizontal tunnels leading from the surface into the mine), 
and through a series of stopes that provided for extraction of the ore. Generally speaking, the stopes 
followed the trend of the Black Butte fault, which controlled ore deposition as discussed below in 
Section 3.4. Several other apparent mine workings were identified based on evaluation of LiDAR 
imagery, which may be workings constructed after 1934.  

Underground mining involves both removal of ore (rock that contains sufficient mercury to profitably 
extract) and removal of waste rock (rock that does not contain sufficient mercury to profitably 
extract). To some extent, waste rock can be disposed underground in previously mined-out voids, a 
practice termed “gobbing” in traditional mining terminology.  But commonly, most waste rock must be 
hauled to the surface to facilitate access for mining additional ore. Several waste rock dumps were 
mapped by the USGS, which are near the adit portals. Although waste rock does not contain sufficient 
mercury for profitable extraction, waste rock is weakly mineralized. Therefore, waste rock is a 
potential source material, which could release mercury or other constituents to the environment.  

3.1.5 Other Historic Mine Features 
Other historic mine features are reported by USGS (Wells and Waters 1934), which are no longer 
evident. A tramway is reported to have been present with a crusher located at the uphill end of the 
tramway. The location of the tramway is shown on Figure 3.1-1. Crusher fines or ore piles may be 
present in this area, which could also represent potential source materials.  

3.2 Climate 
This section describes the historical and the current precipitation data recorded at the site weather 
station in 2013 and long-term weather data compiled from four National Oceanographic and 
Atmospheric Administration (NOAA) weather stations in proximity of the Site.  These NOAA stations 
are the Black Butte, Sutherlin, Cottage Grove, and Eugene weather stations.  Their locations in relation 
to the OU1 study area are presented in Figure 3.2-1.  These climatic data were compiled to support 
evaluation of storm event sampling data in Section 4.  

3.2.1 Historical Precipitation Data 
The historical precipitation data obtained from the four aforementioned NOAA weather stations are 
depicted in Figure 3.2-2.  Daily measurements are available between 1949 and 2011 for all but the 
Sutherlin weather station where precipitation data were only available between 1955 and 2011.  
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These daily measurements were used to calculate the monthly and annual precipitation. Generally, 
total annual precipitation values associated with the Eugene and Cottage Grove weather stations are 
very comparable.  The same observation was made with the total annual precipitation values for the 
Black Butte and Sutherlin stations.  However, the average annual precipitations recorded at the Black 
Butte and Sutherlin stations are the highest among the four stations at 48.5 and 46.5 inches, 
respectively.  The Eugene and Cottage Grove stations had average annual precipitation of 44.9 and 
43.1 inches, respectively.  It should be noted that despite the highest total annual precipitation, the 
Black Butte and Sutherlin stations had the most data gaps among the four stations of interest.  As 
shown in Table 3.2-1, the Black Butte and Sutherlin stations had the highest number of months where 
less than five, ten, or twenty precipitation measurements were taken monthly.  The Eugene and 
Cottage Grove weather stations had fewer data gaps.  Data gaps are generally observed in the months 
of July through September which represent the driest period in the Pacific Northwest area.  The gaps 
during the dry season suggest that the more remote precipitation stations at Black Butte and Sutherlin 
were programmed to record data only during rain events, possibly to extend data memory for less 
frequent visits to download data over the dry summer months.  The data analysis shows that the 
absence of dry weather recordings during the summer months do not impact the total precipitation 
recorded at these locations that produce the highest total precipitation compared to Eugene and 
Cottage Grove stations.  The higher annual total precipitation generally observed at the Black Butte 
and Sutherlin stations is likely attributable to their higher elevations.  The higher values are the result 
of greater rainfall from orographic effects in comparison to the Eugene and Cottage Grove stations 
located in the valley and shadowed by the Coast Range and the east-west trending Calapooya Divide. 

Because the Eugene station had the most complete precipitation record and the Black Butte station is 
the closest weather station to the Site, these two stations were selected for further analysis.   

3.2.2 Site-Specific Precipitation Data 
The 30-year monthly average precipitation was calculated for the Black Butte weather station for a 
reporting period between 1960 and 1989.  This value and the latest recorded precipitation data at the 
Black Butte on-site station for 2013 were used to evaluate the recent precipitation patterns in relation 
to the historical precipitation record for the area.  Of particular interest is the monthly and annual 
precipitation recorded by the on-site weather station in 2013 when all field sampling activities were 
performed.   

The precipitation data for December of 2013 were not available from the on-site weather station at 
the time of this report preparation.  The recorded precipitation data in December 2012, therefore, 
were used in place of the December 2013.  As shown in Figure 3.2-3 the 2012 monthly precipitation 
measurements recorded at the NOAA’s Black Butte weather station are generally higher than their 30-
year monthly averages, resulting in an annual precipitation that was approximately 40 percent higher 
than the 30-year average value and suggesting that 2012 was a relatively wet year.  However, the 
precipitation data recorded by the on-site weather station were lower than both the 2012 and the 30-
year average precipitation recorded at the Black Butte Station by approximately 20 and 45 percent, 
respectively.  This indicates that rainfall within the OU1 study area was less than normal for the area 
during the 2013 study period.   

3.3 Surface Water 
The surface water hydrology that occurs within OU1 is described in this section.  A critical element of 
fate and transport for the mine wastes, surface water within OU1 primarily consists of three main 
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streams.  Two streams, Dennis and Furnace Creeks bound the previously mined area to the north and 
south respectively and these two streams intersect with a larger stream, Garoutte Creek, which 
provides a western boundary of the actively mined area.  Additional streams that feed into the OU1 
study area are smaller streams that are either ephemeral, or originate and occur mostly within slopes 
that exist on the opposite side of the creek from the mine site.  These slope areas and their associated 
drainages may be contaminated via airborne transport of dust and vapor from the previously mined 
area, but for this analysis, they are considered outside OU1.  Figure 3.3-1 shows the locations of the 
three main streams as well as the small un-named streams that exist within, or enter the OU1 area.       

3.3.1 Garoutte Creek 
Garoutte Creek is the largest surface water body that occurs within OU1.  It extends southward to its 
origins on the slopes of 3,311 ft msl Harness Mountain, which is part of an east-west trending ridge in 
southern Lane County called the Calapooya Divide.  Approximately 4.5 miles north of the Calapooya 
Divide, Little River, a drainage originating on the eastern slopes of the Divide, enters Garoutte Creek.  
Below the confluence of Little River, Garoutte Creek flows primarily northward.  About 1 mile north of 
the confluence of Little River, Blood Creek enters Garoutte Creek from where it drains the western 
slopes opposite of and facing Black Butte.  One third of a mile downstream of the confluence of Blood 
Creek, Garoutte Creek enters into and forms the western boundary of OU1.  Furnace and Dennis 
Creeks enter Garoutte Creek along this one-third mile segment along with two unnamed stream 
drainages entering Garoutte from the slopes opposite and facing the Black Butte Mine Site.   

A third unnamed drainage occurs within the actively mined area and is intermittent in its appearance 
on the surface.  Figure 3.3-2 shows the course of this stream as delineated by GIS processing of the 
high resolution LIDAR data.   The lowest portion of this drainage that can be seen at the surface in 
seeps is where the drainage intersects with the mine access road near the present gate.  Beyond this 
point, the discharge has no defined channel or confluence with Garoutte Creek which is alluded to in 
the GIS generated drainage.  At this point, the discharge likely enters the shallow alluvial aquifer 
system found at the base of the Black Butte Mine Site.  Ultimately, discharge from this interflow 
drainage enters Garoutte creek via baseflow contribution through subsurface hydraulic connections 
between the creek bed and shallow alluvial aquifer system.   

After the confluence with Dennis Creek, Garoutte Creek continues to flow northward another 1.5 miles 
to the confluence of Big River.  Beyond this confluence, the name of the combined surface waters of 
Big River and Garoutte Creek become the Upper Coast Fork Willamette River.  The Upper Coast Fork 
Willamette River flows northward for approximately 7 miles where it enters Cottage Grove Lake. 

3.3.1.1 General Description of Watershed 
At 16.6 square miles (10,600 acres) in extent, the Garoutte Creek watershed is the largest watershed 
in the OU1 investigation and it encompasses the entirety of the 0.23 square mile OU1 boundary.  
Figure 3.3-1 shows the OU1 boundary in relation to the entire Garoutte Creek watershed to its 
confluence with the Big River.  As shown in the figure, Furnace and Dennis Creek watersheds (referred 
to in watershed modeling terms as catchments) are within the Garoutte Creek watershed.  These 
smaller watersheds define north and south drainage boundaries for the mined areas of Black Butte 
mine and play critical roles in the fate and transport of mine wastes from the Black Butte Mine. These 
contributing watersheds are discussed separately in sections below. 

Drainages within the Garoutte Creek watershed are undeveloped and consist of forest and scrub.  
Stream characteristics in the headwater area and smaller feeder streams consist of Class A type 

  3-5 
Final Black Butte OU1 Data Summary Report.docx 



Section 3  •  Physical Characteristics 
 

streams3 with high relief, steep gradient, moderate to deeply entrenched channels, with step-pool 
morphology.  Downstream of the confluence with Little River, Garoutte Creek becomes a Class C type 
stream with a low gradient, meandering, riffle-pool channel with point-bars and some occasional 
broad, well defined flood plains. 

Stream discharge in the Garoutte Creek watershed is monitored at two locations within OU1, an 
upstream, background location immediately above the Furnace Creek confluence called Garoutte 
Creek Upstream Station (GU1), shown in Figure 3.3-3 and a downstream location immediately above 
Dennis Creek confluence called Garoutte Creek Downstream Station (GD1) shown in Figure 3.3-4.   
Flow data calculated from the stage data collected at these stations from November 2012 to November 
2013 are presented in Section 3.3.1.2 below. 

Outside the boundary of OU1, current land use in the Garoutte Creek watershed consists primarily of 
tree harvesting on privately held land owned by the Weyerhaeuser Company with the exception of the 
northern boundary of the Garoutte Creek watershed, where slopes feeding the Dennis Creek drainage 
are federal BLM land, which has also been used for timber harvesting.    

Within OU1, recent land use activities included timber harvesting by the current owner, Land and 
Timber Company, with the most recent logging activity by this company occurring within the former 
mining activity area in the late 1990s. 

3.3.1.2 Flow/Stage Data 
Flow data calculated at upstream (GU1) and downstream (GD1) Garoutte Creek stations from the end 
of November 2012 to mid-November 2013 are shown with local precipitation data on Figure 3.3-5 
and Figure 3.3-6.   A large break in data is evident at GD1 station from December 2012 to March 2013 
and mid-April 2013 to mid-May 2013 due to datalogger malfunctions that occurred on two separate 
occasions4.   

During the 1-year monitoring period, discharge at the upstream and downstream locations ranged 
from 350 cubic feet per second (cfs) during an exceptionally strong winter season storm event in early 
December to about 10 cfs during the summer baseflow period.   Based on the current flow data, there 
appears to be a 2 cfs increase in discharge between GU1 and GD1 stations, which may, in part, be 
explained by two additional surface water discharge inputs identified on the left bank that come from 
drainages on the slopes opposite of Black Butte.  These discharges have not been quantified, but are 
likely less than 1 cfs in total.  The unaccounted for flow increase is likely the result of groundwater 
discharge within the shallow alluvial aquifer system of the Garoutte Creek floodplain.   

Additional stream flow data collection in 2014 will improve characterization of stream discharge in 
the segment of Garoutte Creek that occurs within OU1 and help refine the total flow contribution 
along the reach between GU1 and GD1 attributed to groundwater discharge and the two small streams 
entering Garoutte Creek from drainages opposite of the Black Butte Mine Site. 

3 See Rosgen, D.L, 1994 for stream classification scheme. 
4 Datalogger malfunction was intermittent and pulled for assessment and repairs at In-Situ, Inc. (manufacturer).  
The first issue was the result of a bad electronic board and the second was a wire short that drained battery 
power excessively. 
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3.3.2 Furnace Creek 
Furnace Creek is a small, ephemeral creek drainage within the larger Garoutte Creek watershed and is 
encompassed completely within OU1.  Its origin is a spring that emerges along the west facing slopes 
of Black Butte and the drainage forms the south boundary of the mined area of the Black Butte Mine 
(OU1).  The stream is approximately 0.4 mile in length and based on the 2012-13 monitoring period, 
the lower half of the stream channel becomes dry and does not have surface flow for approximately 6 
months of the year (mid-May through mid-November).   The upper portion of the watershed near the 
spring source has a continuous, albeit small discharge that reliably supplies water for the  
residence year round. 

3.3.2.1 General Description of Watershed 
At 29.8 acres (0.05 square miles), the Furnace Creek Watershed consists of a single deeply entrenched 
channel with no smaller stream segment contributions.  The spring fed stream is steeply sloped and 
within the last 900 feet of channel is filled with deposits of historic mine tailings from the old furnace 
of the Black Butte Mine.  A headwall scarp about 120 feet upstream of the confluence with Garoutte 
Creek is present and reportedly the result of a recent man-made high flow event that occurred when 
active logging in 1998 broke up a small reservoir in the upper portion of the watershed where the 

 residence receives its water supply , 2012).  Evidence of the large volume of water 
flushing through the channel is present in the deeply entrenched, much wider channel that is now 
populated with 15 year old alder trees as shown in Figure 3.3-7.  This deep entrenchment is unusual 
for the stream discharges monitored to-date and can only be explained by more catastrophic flow 
events. The deeply entrenched channel leads to a severely eroded former road bed and a 12-inch 
culvert that was dislodged and is now emerging from the headwall scarp (Figure 3.3-8).  The loss of 
the reservoir has required the water supply intake to be placed directly within and onto the 
shallow bed of the Furnace Creek channel as shown here in August, 2013 (Figure 3.3-9).  

Stream discharge and water quality at Furnace Creek is monitored at a staff gauge and stilling well 
located near the confluence with Garoutte Creek, immediately below the headwall scarp and in the 
small alluvial fan where tailings have been deposited below the steep headwall adjacent to Garoutte 
Creek (Figure 3.3-10).  Flows are too low to be measured accurately by a stream velocity meter and 
therefore flows have been monitored with a 5 gallon bucket and stopwatch from the water free falling 
from the headwall scarp and a temporary v-notch weir installed between the staff gauge and stilling 
well.  Additional water quality samples were collected during the summer of 2013 (August 2013) at 
the  water supply in the upper watershed to evaluate natural background concentrations of 
mercury and other metals above the deposits of tailings from the old furnace operations.  Flow data 
calculated from the stage data collected from November 2012 to November 2013 at this station is 
presented in Section 3.3.2.2 below. 

3.3.2.2 Flow/Stage Data 
Flow data calculated at the Furnace Creek station (FC1) from the end of November 2012 to mid-
November 2013 are shown with local precipitation data on Figure 3.3-11.  The hydrograph indicates 
that discharge is very small and remains less than 1 cfs even during the large storm event recorded in 
early December 2012.   After May 6, 2013, discharge was non-existent through the most recent 
datalogger download event on November 11, 2013. 

Due to the presence of Old Furnace tailings deposited within the lower half of Furnace Creek, the creek 
is believed to be a major contaminant source and transport pathway affecting Garoutte Creek.  Based 
on one year of discharge monitoring data, the significance of mine waste loading to Garoutte Creek 
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may be less than previously thought, because of the intermittent discharge of the creek. This possible 
change in mine waste loading significance is due to the fact that previous pollutant loading estimates 
for Furnace Creek were based on the assumption that Furnace Creek discharged year round to 
Garoutte Creek.  Additional analysis of this loading contribution based on the current discharge data is 
presented in Section 4.2.  Continued discharge monitoring at Furnace Creek is planned, and is 
necessary to understand the intermittent and limited flow conditions recorded over the 2012-2013 
monitoring in the context of long-term hydrologic conditions for Furnace Creek. 

3.3.3 Dennis Creek 
Dennis Creek is a perennial stream drainage within the larger Garoutte Creek watershed. The stream 
is approximately 2 miles in length and in its lower half flows within OU1.  The creek receives drainage 
from the north facing slopes of Black Butte and south facing slopes of a forested ridge and high point 
named Stennett Butte that is predominantly under BLM ownership.  The stream is steeply entrenched, 
but is less sloping and wider with a more defined flood terrace as compared to Furnace Creek. 

3.3.3.1 General Description of Watershed 
At approximately 690 acres (1.1 square miles) the Dennis Creek Watershed presents a northern 
boundary for the mined area of Black Butte.  Approximately 0.7 miles upstream of the confluence with 
Garoutte Creek, Dennis Creek is intersected by a stream that originates along the slopes of the Black 
Butte Mine site.  Numerous mine adits occur within this sub-drainage and are suspected to be draining 
and contributing discharge to Dennis Creek.  The extent of the discharge contribution directly from 
these mine adits and their related mercury load contribution should be investigated and evaluated in 
future OU1 investigation phases, particularly if mercury loads in the Dennis Creek watershed are 
found to be elevated above natural background levels. 

3.3.3.2 Flow/Stage Data 
Stream discharge at Dennis Creek is measured at a staff gauge/stilling well site near the confluence 
with Garoutte Creek as shown in Figure 3.3-12. Flow data calculated at the Dennis Creek station (DC-
1) from the end of November 2012 to mid-November 2013 are shown with local precipitation data on 
Figure 3.3-13.  The hydrograph indicates that discharge peaked just above 30 cfs during the large 
storm event recorded in early December 2012 and summer baseflow reduces to approximately 0.5 cfs.    

Dennis Creek receives drainage from the northern slopes of the Black Butte Mine area (OU1) including 
a stream segment that reaches up to several mine adits as shown on Figure 3.1-1.  The stream runs 
adjacent to and below a steep slope that contains the redistributed tailings generated from the new 
furnace. As a result of the presence of these sources and the perennial flow of the creek, the loading of 
pollutants from the former mining activity in Dennis Creek may be significant.   Additional analysis of 
this loading contribution based on the current discharge data is presented in Section 4.2.  Continued 
discharge monitoring at Dennis Creek is planned, and is necessary to characterize flow conditions 
recorded over the 2012-2013 monitoring in the context of long-term hydrologic conditions for Dennis 
Creek. 

3.3.4 Discharge Calculations and Validation 
The methods used in calculating the stream discharge at each of the four established stream stations 
within OU1 are described below.  Also, the measurement error associated with these methods and 
physical conditions present at each station are presented 
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3.3.4.1 Development of Rating Curves 
A rating curve was established based on stream discharge versus stage (staff gauge level) at each of 
the established stream stations GU1, GD1, FC1 and DC1 by plotting measured and theoretical 
discharge against staff gauge readings.  These two methods of determining discharge at various 
stream stages are described in more detail in Section 2.2.2.4.  

For measured flow data points, manual staff gauge and cross-sectional velocity measurements were 
collected synoptically at stations GU1, GD1, and DC1 by wading an established cross-section of stream 
with velocity meter as shown in Figure 3.3-14.  Due to the lower flows encountered at station FC1, 
flows were determined either with a 5-gallon bucket and stopwatch from water cascading over the 
edge of the headwall scarp (see Section 3.3.2.1) or a temporary v-notch weir as shown in Figure 3.3-
15.  Up to seven of these manual velocity/flow measurements with a corresponding stage level have 
been obtained at these stations and more samples will be collected to further refine the rating curves. 

For theoretical flow data points, longitudinal profile surveys were conducted over established stream 
segment lengths at GU1, GD1, and DC1.  The profile surveys are described in more detail in Section 
2.2.2.4. Station FC1 was not surveyed due the fact that flow at this station is not obtained by cross-
section depth/velocity measurements. Nevertheless, a rating curve has been developed with the 
measured discharges via the 5-gallon bucket/stopwatch and the v-notch weir.  

The primary purpose of the longitudinal stream profile surveys were to establish a stream discharge 
and stage level point for each of the stream rating curves at the seasonal bank full and flood stages, 
which are often unsafe to establish through manual stream wading velocity measurements.   

From the scatter plot of both measured and theoretical data, a statistical best fit line is determined 
through graphical modeling software (Golden Software, Grapher ver. 10).  A formula from this line is 
derived and used to predict flow at any given stage. With the data collected thus far, the rating curves 
best fit theoretical and measured discharge in an exponential function. These rating curves as well as 
best fit equations are shown on Figures 3.3-16 through 3.3-19   

3.3.4.2 Measured Discharge 
As described above, manual depth and velocity measurements at established stream cross-sections 
were used to compute discharge at stream stations GU1, GD1 and DC1. The following formula is used 
for calculating the discharge: 

𝑄 = �(𝑎𝑉�) 

Where: 

𝑄 is the total discharge. 

𝑉�  is the mean velocity of the current in a subsection. 

𝑎 is the area of a rectangular subsection (the product of width and depth for the cross-sectional 
profile subsection). 

Discharge in the triangular areas at the edges of the established stream section was considered 
negligible and is excluded from the discharge calculation.  
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For Station FC1, a 90-degree V-notch weir was constructed downstream of the staff gauge and stilling 
well and used to obtain direct discharge measurements as shown in Figure 3.3-15.  The following 
formula was used for calculating discharge from the v-notch weir measurements: 

Q=2.5h2.5 

Where Q is flow (discharge) and h is the height of water measured in feet over the 90-degree v-notch 
weir. 

Table 3.3-1 presents a summary of measured discharge measurements at GU1, GD1, FC1 and DC1. 

3.3.4.3 Theoretical Discharge Calculations 
As described above, longitudinal profile survey measurements were used to calculate the gradient and 
volume of the stream at three different stage levels:  current stage, seasonal bank full, and flood 
conditions. This information was used to calculate stream discharge at these critical stages at the 
stream monitoring stations where flow is determined manually via wading. From the data collected, 
the Gauckler-Manning formula can be used to calculate the theoretical stream discharge as follows: 

𝑄 = 𝐴
𝑘
𝑛
𝑅ℎ
2/3 ∙ 𝑆1/2 

Where: 

𝑄 is estimated stream discharge. 

𝐴 is the cross-sectional area derived from surveyed elevations. 

𝑘 is a constant, 1.49.   

𝑛 is Gauckler-Manning coefficient of roughness/friction. 

𝑅ℎ is the hydraulic radius. 

𝑆 is the slope of the water surface. 

The Gauckler-Manning coefficient (𝑛 value) chosen to calculate theoretical discharge for both Garoutte 
longitudinal profiles is 0.07 because Upper and lower Garoutte can be described as mountain streams 
with no vegetation in channel, banks usually steep, and with trees and brush along banks submerged 
at high stages.  Furthermore, both upper and lower Garoutte Creek channel bottoms include mostly 
cobbles and boulders.  Dennis Creek, a relatively smaller channel than Garoutte, was assigned an 𝑛 
value of 0.05 as its channel bottom includes gravels, cobbles, and few boulders.  Values for Gauckler-
Manning’s 𝑛 for various stream environments can be found in Figure 3.3-20. 

3.3.4.4 Discharge Data Validation 
Measurement error associated with the velocity measurements and rating curve method have been 
shown to be as great as 14% in the annual cumulative flow volume of a stream (Birgand et. al., 2013).  
Table 3.3-1 presents the total annual flow volume estimated for the streams based on their current 
stream rating curves and the +/- discharge values based on this potential error.   This error will be 
reduced as more manual stream discharge measurements are made over the full capacity of the 
stream channel.    
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As for the measurement of discharge at Furnace Creek using the bucket/timer and v-notch weir 
methods, there is more certainty with these direct discharge methods, however, given the temporary 
construction of the v-notch weir some leakage of water under the weir plate may be occurring 
resulting in a slight underestimation of flow.  Once again additional temporary weir measurements 
will be made to further refine the rating curve developed to-date and reduce the potential 
measurement error. 

Other errors between stage readings collected by the transducer installed in the stilling wells 
compared to the manual staff gauge readings have been discovered. These errors in staff gauge 
reference levels have occurred at GD-1, FC-1 and DC-1.  Reasons for these errors and the corrections 
made in the short-term (data fixes) and long-term (station modifications) to address them are 
presented as follows: 

 At DC-1 siltation and water level mounding within the stilling well pipe has caused sensor 
interference and an artificially higher water level reading than the staff gauge at higher flows.  
Short-term data corrections have been to use direct measurements collected from the staff 
gauge readings during the sampled storm events.  A long-term solution will be to secure the 
pressure sensor on the outside of the stilling well to remove mounding and silt fouling 
occurring within the stilling well.  Sensor readings collected to-date are not expected to 
interfere with watershed model calibration for the stream, but the potential error of over-
predicting stream discharges at higher flows for these sensor data resulting from this issue is 
noted. 

 At FC-1, due to the steeper channel gradient, the levels recorded in the stilling well can reach 
below channel levels recorded at the staff gauge.  The stilling well sump (approximately 3 ft in 
length) extends below the channel bottom and can collect and retain water even when there is 
no flow occurring within the creek channel.   These conditions results in a water level recorded 
by the transducer/logger in the stilling well despite the fact that there is no flow occurring 
within the channel.  Data corrections have been made to filter these readings from the raw 
sensor data and a zero value is assigned to discharge at Furnace Creek when stage levels 
recorded by the stilling well transducer are less than 0.02 feet.  

 At GD-1, leaf debris during fall, 2013, collected on the upstream side of the stilling well screen.  
This leaf blockage was noticed during the November storm event sampling and appeared to 
delay the response in river stage levels between those recorded at the staff gauge and the 
transducer/logger within the stilling well.  This leaf effect does not appear to have impacted the 
Garoutte upstream station stilling well sensor readings.   Short-term data corrections used 
measurements recorded from a separate sensor installed on the outside of the stilling well. This 
sensor was used for recording stage levels while the multi-sensor was being repaired over the 
summer and early fall months.  This pressure sensor was not affected by the leaf debris buildup 
on the stilling well screen; CDM Smith will continue to have this sensor in-place to evaluate 
differences in stage level readings between the sensors inside and outside the stilling well and 
their relationships to the manual staff gauge readings during storm event sampling.    

3.4 Geology 
The geology of the site is relevant to assessment of the hydrogeological framework and to 
understanding the potential source materials present on and near the site. Therefore, this section 
focuses on description of the bedrock geology, alluvial and colluvial deposits, hydrothermal alteration, 
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and ore mineralization. Other aspects of the site geology were described by Derkey (1973) and Wells 
and Waters (1934). Figure 3.4-1 is a geologic map of the area showing major rock units and alteration 
zones associated with mercury mineralization in the Black Butte Mine area.   

3.4.1 Geology 
The bedrock at the site is volcanic in origin, and consists of primarily pyroclastic rocks such as tuff, 
tuffaceous sandstone and siltstone, and pebble to boulder conglomerate of the Fisher Formation 
(Derkey 1973).  This formation is referred to by an alternative name, the Calapooya Formation, in 
older reports such as Wells and Waters (1934). The tuff was deposited by airfall of volcanic particles, 
and the tuffaceous sandstone, siltstone, and pebble conglomerate deposits are reworked sedimentary 
deposits composed primarily of volcanic particles of silt, sand or pebble to boulder size. Local deposits 
of andesite are also present. Andesite is a crystalline rock formed through cooling of lavas of andesitic 
composition.  In the Black Butte Mine area, Wells and Waters (1934) report that rocks on the east side 
of Garoutte Creek contain relatively more andesite as compared to rocks west of Garoutte Creek. The 
various rock units are interlayered, and the individual layers are not laterally continuous. A major 
fault is present at the site, which crops out near the top of Black Butte and trends towards the west 
northwest. 

The bedrock is the parent material for colluvial and alluvial deposits. Colluvium is unconsolidated 
material that has been deposited primarily by gravity. These materials are several feet thick and are 
present on hill sides at the site. Alluvial materials have been deposited primarily by flowing water, and 
are present within tributary and major drainages in the area. The alluvial materials are relatively 
thicker with depths of over 10 feet observed within tributary drainages to Garrote Creek such as the 
Furnace Creek drainage. 

3.4.2 Mineralization 
The Black Butte mercury deposit is a hydrothermal mineral deposit formed by circulation of hot 
mineralized waters through the bedrock rock units. The Black Butte fault was a conduit for these 
hydrothermal fluids. The hydrothermal fluids caused deposition of cinnabar and other sulfide 
minerals, quartz and carbonate veining, replacement of primary minerals with silica and carbonate, 
and alteration of primary rock minerals to clays. The most-strongly altered rocks are located within 
the fault zone. These silica-carbonate altered rocks are exposed along the outcrop of the fault as 
brown-colored ribs of rock that are relatively more resistant to weathering as compared to less 
altered rocks on either side of the fault zone. The ribs are colored brown as a result of weathering of 
siderite, which is an iron carbonate alteration mineral. The alteration is less intense in areas relatively 
further from the fault zone where alteration consists of partial to complete alteration of feldspar 
minerals to clay with variable amounts of calcite.  

The mercury ore at the Black Butte mine was deposited by the same hydrothermal solutions that 
caused the rock alteration. Rock containing sufficient mercury to support profitable extraction (i.e. 
“ore”) was restricted to areas close to the Black Butte Fault. The ore contains cinnabar (mercury 
sulfide) as well as other iron, copper and zinc sulfide minerals such as pyrite, arsenopyrite, 
tetrahedrite, chalcopyrite and sphalerite (Derkey 1973). Two other forms of mercury, elemental 
mercury and metacinnibar have been reported, but are not common (Wells and Waters 1934).  

The brown colored ribs of rock that are exposed on Black Butte are within the area of highest mercury 
enrichment. The ore body cropped out in this area, and rock containing enriched concentrations of 
mercury eroded naturally over geological time long before mining commenced in the area. Therefore, 
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natural soils, colluvium and alluvium in the mine area were likely enriched in mercury to some extent 
prior to initiation of mining activities. Erosion of sediments containing mercury from these areas of 
natural enrichment may also contribute to the stored mercury load present within the Garoutte Creek 
watershed.    

Ore-grade mineralization at the Black Butte Mine was restricted to areas close to the fault, but relative 
enrichments in mercury concentration as compared to background conditions are possible at 
distances further from the fault within the hydrothermally altered rocks. The geologic map provided 
by Wells and Waters (1934) shows a large area of altered rocks in the area of the Black Butte fault 
with alteration extending approximately 1 mile in an orientation perpendicular to the fault and 
approximately 2 miles in an orientation parallel to the fault. Although the strongest hydrothermal 
alteration and associated ore mineralization is centered on the fault, the large alteration zones show 
that the bedrock was permeable enough to allow the hydrothermal fluids to circulate through, and 
affect, a relatively large volume of rock. Wells and Waters (1934) also identify similar alteration zones 
north of Dennis Creek (called East Fork Garoutte Creek on the Wells and Waters map) and south of 
Garoutte Creek in an area called Cinnabar Mountain.  

Although ore-grade mineralization was only exploited within a relatively local area at the Black Butte 
mine, altered rocks that may contain naturally enriched mercury concentrations are present within a 
larger area encompassing several square miles within the Garoutte Creek watershed. Although the 
concentration of mercury in these altered rocks is likely lower than the ore, the exposed area of these 
altered rocks is much larger than the exposures at the Black Butte Mine. Natural erosion of these 
altered rocks could also contribute to mercury loads in the Garoutte Creek watershed. 

3.5 Hydrogeologic Framework 
The hydrogeology of the OU1 study area can be broken into the following three groundwater flow 
regimes: 

1. A thin (generally less than 10 feet), discontinuous, perched, alluvial/colluvial upland aquifer 
within tailings and eroded weathered bedrock material immediately above weathered 
bedrock along the slopes and mine workings of Black Butte. 

2. An alluvial aquifer that exists within the Garoutte Creek floodplain. 

3. A deep bedrock fracture flow aquifer system.  The extent of this deep bedrock aquifer system 
will be investigated in future planned visits of the adit locations.  If water is found flowing 
from the adits, there would be evidence for a deep bedrock flow system through the intercept 
with fracture/fault zones known to be present and tapped by the mining near the top of Black 
Butte.  However, given the low permeability of the weathered tuff and siltstone further 
downslope, it is unlikely that this deep fractured flow system is interconnected with any 
regional aquifer system.  A possible intercept point of the potential deep bedrock aquifer is the 
spring source of Furnace Creek.  Although not field verified due to the potential to introduce 
contaminants into the  water supply by walking up the narrow slot canyon above the 

 supply intake, the source point of this spring may be related to the Black Butte Fault 
zone.  At this point of the OU1 investigation, there is no evidence that this deep fractured 
bedrock groundwater flow is significant and impacts areas beyond the OU1 study area.   
Investigation of mine adit discharge will be performed to supplement these lines of evidence 
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that deep bedrock groundwater impact is insignificant to groundwater transport of mercury 
and other constituents of concern beyond the site.  

More detailed information has been obtained on the first two groundwater flow regimes at the time 
this document was prepared, and are described in more detail below.   

3.5.1 Perched Upland Aquifer System 
The following section describes the thin, perched, groundwater system referred to herein as the 
Perched Upland Groundwater System.  In the Optimization Review (EPA, 2012), this system was 
termed the “Vadose Zone groundwater” found within the tailings and alluvial/colluvial silts and clays 
along the slopes of Black Butte and within the OU1 study area. 

3.5.1.1 Upland Wells 
Two wells (MW10 and MW11) were targeted for location and screening within the perched upland 
aquifer system.  The well locations targeted known tailings deposits that rest immediately above 
weathered bedrock along the slopes of Black Butte.  Their locations are shown in Figure 3.3-2.   The 
monitoring well installation and lithology encountered by these wells is described in Section 2.2.7.  
The wells were screened below tailings and within 15 to 20 feet of the uppermost portion of clay with 
sand and gravel that had some evidence of moisture.  The well logs are presented in Appendix C.    

After completion and during development of MW10 and MW11 in June 2013, there was evidence of 
groundwater entering the screen intervals of these upland wells.  The wells would bail dry, but then 
over a long period of time (greater than a day), the water level in the wells would recover.   
Subsequent monitoring of the groundwater levels measured in the wells are shown in Table 3.5-1.  
The increasing water levels measured in the wells indicate a natural increase in saturation of this 
upland aquifer.   However, despite the increase in water levels at MW10 and MW11 observed during 
the August and November 2013 groundwater sampling, they have not provided sufficient yield to 
properly purge and collect samples for water quality within a viable time-frame.  We suspect that 
groundwater levels in these wells will reach their maxima during the spring of 2014, when yields may 
increase to make sampling feasible.   

During the June 2013 Monitoring Well Installation, a third upland well (MW1) was installed on the 
opposite slope facing the Black Butte Mine Site and OU1 Study Area.  Its location is shown in Figure 
3.3-2.  The well was placed next to an ephemeral stream channel similar in size and channel lithology 
to the alluvium in Furnace creek that is predominantly sandy clay immediately above weathered 
bedrock.  The well appeared dry after drilling, but has increased in saturation over the course of the 
two groundwater sampling events in August and November as shown in Table 3.5-1.  Water levels at 
MW1 will continue to be monitored and sampling attempted if the well provides sufficient yield 
during the peak groundwater level period anticipated in the spring 2014. 

Occurrence 
The perched upland aquifer system occurs on slopes (within OU1 and those facing OU1) where 
surface water infiltration enters site tailings and/or native soil overburden and collects in soils 
immediately above the weather bedrock, which is predominantly comprised of siltstone and tuff in the 
OU1 study area.  In areas where groundwater flows in this shallow zone and the weathered bedrock 
occurs at the surface, the groundwater is pushed to the surface and occurs as seeps where it runs 
along the surface before re-infiltrating again.   

  3-14 
Final Black Butte OU1 Data Summary Report.docx 



Section 3  •  Physical Characteristics 
 

Within Furnace Creek, for example, the perched upland aquifer occurs within both natural alluvial 
materials and tailings.  In upper Furnace Creek, the aquifer is truncated in places by erosion, and 
where this occurs water is observed to be discharging where those materials were absent. This also 
occurs at lower Furnace Creek just upstream from the FC1 monitoring site where erosion has 
truncated the perched upland alluvial system.   

Additional evidence of subsurface flow/seepage in the perched upland aquifer system is seen along 
the access road to the new furnace area and is mapped in Figure 3.3-2. This seepage occurs 
predominantly during the spring and early summer months and will be targeted for sampling in 2014 
to evaluate this potential pathway of contaminant transport from the upland mine tailings to Garoutte 
Creek and its alluvial aquifer system.  

3.5.2 Garoutte Creek Alluvial Aquifer System 
The following section describes the alluvial aquifer system found within the OU1 study area at the 
base of the Black Butte Mine Site referred to herein as the Garoutte Creek alluvial aquifer system.  It’s 
been referred to in Optimization Review (EPA, 2012) as the “Saturated Zone Groundwater” found 
within the Garoutte Creek Floodplain.   

3.5.2.1 Garoutte Creek Alluvial Wells 
Eight wells (MW2 through 5, MW7 through MW9, MW12 and MW13) were targeted for location and 
screening within the Garoutte Creek alluvial aquifer system. Their locations are shown in Figure 3.3-
2.   The monitoring well installation and lithology encountered by these wells is described in Section 
2.3.  The wells were screened below the first encounter of groundwater, which was typically near the 
level of Garoutte Creek.  The well logs are presented in Appendix C.    One other well (MW6) is 
installed near the Garoutte Creek floodplain, but represents groundwater flow in the Dennis Creek 
floodplain and associated alluvial aquifer.  The purpose of its location is to characterize groundwater 
quality at the base of the New Furnace tailings, which extend steeply from the upland mine site area to 
Dennis Creek in this location. The Dennis Creek alluvial aquifer system ties into the Garoutte Creek 
alluvial aquifer system with MW3 being the approximate junction between these two aquifer systems. 

Occurrence 
The Garoutte Creek alluvial aquifer system occurs throughout the lowland floodplain of Garoutte 
Creek.  On the Black Butte side of Garoutte Creek and immediately upgradient of the OU1 study area, 
the Garoutte Creek alluvial aquifer is truncated at a bedrock outcrop immediately downstream of the 
mouth of Furnace creek.  This bedrock outcrop likely separates the groundwater flowing within the 
alluvial fan at the Furnace Creek mouth from groundwater occurring within the abandoned channel 
(measured by MW8) and wider floodplain downstream of this outcrop on the Black Butte Mine Site 
side of the channel. 

Potentiometric Surface 
The potentiometric surface of groundwater within the Garoutte Creek floodplain is shown on Figure 
3.5-1 and is based on a laser level field survey of the wells and their measurement points.  The 
potentiometric surface map, generated from groundwater level monitoring data collected during the 
August 2013 groundwater sampling event indicates: 

 A groundwater gradient that ranges between a high of 0.025 ft/ft near the upland recharge 
areas to 0.01 ft/ft within the flood terrace area (former cultivated field) of the OU1 Study Area. 
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 An upland groundwater influence/recharge near MW7.  Site walks in the area around MW7 and 
studying the high resolution LiDAR suggests this upland groundwater recharge is following an 
abandoned surface water channel that possibly discharged process water from the Old Furnace 
Tailings area and entered into timbered settling basins that are reported to be in the vicinity of 
MW7.  Evidence for this observation is supported in the elevated subsurface mercury 
concentrations in the surface soil and in groundwater (see Section 4.5) at this location. 

 Groundwater merging with and influenced by the northerly gradient of the Garoutte Creek flood 
plain. 

 A change in groundwater flow direction to a northwesterly flow beneath the  
residence/property due to the influence of upland aquifer recharge and Dennis Creek.  

Hydrographs 
In addition to monitoring groundwater levels in the monitoring wells during sampling events, select 
wells in the Garoutte Creek alluvial aquifer system were instrumented with In-Situ pressure 
sensor/datalogger systems.  These wells include MW2, MW3, MW8 and MW12.  Hydrographs of the 
water level and temperature data collected from the sensors in these wells since August 2013 are 
shown in Figures 3.5-2 through 3.5-5.  The hydrograph plots are paired with daily and hourly 
precipitation from the Black Butte site weather station for evaluating groundwater response to local 
precipitation.   The monitoring well hydrographs paired with the precipitation data share the 
following characteristics: 

 A slight 0.5 to 1 foot rise in seasonal groundwater levels from mid-August 2013 to mid-
November 2013, 

 A prominent water level response to the late September storm event, which resulted in a short-
lived 1 to 2-ft water level spike in water levels, 

 Smaller water level responses to smaller storm events in late August, early September, and a 
moderate storm event in early November. 

Bank Recharge 
In addition to water levels, the well hydrographs plot temperature recorded by the sensors installed in 
the wells.  The temperature plots are very different between the wells and can be separated into three 
categories: 

Category 1 - (MW8 and MW12) show large and extended declines in groundwater temperature after 
initial rainfall begins for the large storm event in September. 

Category 2 - (MW2) shows a decline in temperature, smaller than Category 1, and its decline initiating 
after the peak of the storm. 

Category 3- (MW3) shows an increase in groundwater temperature throughout the late September 
storm that begins to stabilize one month after the storm event. 

These differences in groundwater temperature lend significant clues as to the degree of their influence 
from Garoutte Creek, or bank recharge, as they strongly correlate to the proximity a well is to Garoutte 
Creek.   Category 1 is comprised of wells that are immediately adjacent to the Garoutte Creek channel.  
The large and extended temperature decline in these wells is evidence of cooler surface water 
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infiltrating into the Garoutte Creek channel banks and replacing the warmer groundwater within the 
low terrace at MW12 and the abandoned channel at MW8.    

MW2 in category 2 has a slightly lower and delayed decline that indicates it is influenced by Garoutte 
Creek bank recharge, but it’s slightly further distance from the creek channel results in dampened and 
delayed influx of surface water compared to MW8 and MW12. 

MW3 in category 1 doesn’t register a decline in temperature from the storm and only begins to 
stabilize from the rising groundwater temperature trend seen over mid-August through early October.  
This is likely explained by the fact that this well is the most distant from Garoutte Creek out of the 
entire set of monitoring wells instrumented with sensors.  While the well is in close proximity to 
Dennis Creek, this creek does not appear to be having a bank recharge effect on this well. 

3.5.3 Groundwater – Surface Water Interactions 
This section describes the groundwater – surface water interactions within the Garoutte Creek alluvial 
aquifer system.  The following information was collected to better understand the groundwater – 
surface water interactions occurring in the Garoutte Creek alluvial aquifer system within the OU1 
study area: 

 Paired surface water and monitoring well elevations 

 Mass balance calculations between the upstream and downstream Garoutte Creek Stations  

This information and the preliminary conclusions related to groundwater – surface water interactions 
are presented below. 

Hydrographs of Paired Monitoring Sites 
Hydrographs of paired surface water and groundwater monitoring sites for the current period of 
record (mid-August to mid-November) are shown in Figures 3.5-6 through 3.5-8.  While the period of 
record is limited to the dry season, the initial graphs indicate the following: 

 A gaining stream condition at Garoutte Creek, as indicated by groundwater level elevations 
being higher than creek elevations between paired surface water/well stations.  This gaining 
stream condition increases from Garoutte Creek Upstream Station (GU1) (Figure 3.5-6) to the 
Garoutte Creek Downstream Station (GD1) (Figure 3.5-7), 

 Evidence for a change from gaining to losing stream conditions during large dry season storm 
events (e.g. Late September 2013 storm) and wet season conditions at GU1 (Figure 3.5-6), 

 Evidence for a consistently gaining condition at GD1 (Figure 3.5.7), 

 A perched surface water condition at Dennis Creek that appears to be 6 feet above local 
groundwater as measured at MW3 (Figure 3.5-8).   This hydraulic relationship, coupled with 
the predominant coarse grained bed material of Dennis Creek supports a losing stream 
condition year round once Dennis enters the Garoutte Creek alluvial aquifer system.   

Additional groundwater and surface water monitoring at these paired stream/well systems will allow 
for further characterization of the groundwater/surface water interaction during the wet season 
(November 2013 through April 2014) and entering the dry season (May 2014 through July 2014).  
These data provide a critical understanding and input for seasonal groundwater discharging to 
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Garoutte Creek from the former mine site encompassed by the OU1 study area.   Gaining and losing 
conditions determined by the paired data will be used in conjunction with the groundwater quality 
sampling (see Section 4) for refining the watershed model and estimating mine waste contaminant 
loads transported to Garoutte Creek via groundwater discharge for the final Remedial Investigation. 

Estimated Change in Garoutte Creek Flow between Garoutte Creek Upstream Station (GU1) 
and Downstream Station (GD1) 
Changes in Garoutte Creek discharge between GU1 and GD1 have been estimated by comparing 
synoptic cross-channel velocity measurements collected at the two stream stations over the current 
investigation period.  As noted in Section 3.3.4.4, there is some error associated with the stream 
velocity measurements that make point to point comparisons suspect for error.  Also, field walks 
between the stations have discovered two additional surface water inputs in to the segment of stream 
between GU1 and GD1.  For a proper mass balance, the discharge from these streams in addition to 
Furnace Creek will need to be measured and subtracted from the total difference between the GU1 
and GD1 stations, with the remaining difference attributed to groundwater discharge into Garoutte 
Creek between the two stations.  This basic mass balance is presented mathematically as follows: 

Where; 

QGU1 – Discharge measured at Upstream Garoutte Station 

QFC1 – Discharge measured at Furnace Creek Station 

Qinput1 – Discharge measured at unnamed ephemeral stream input on left bank between Furnace Creek 
and Bridge 

Qinput2 – Discharge measured at unnamed ephemeral stream input on left bank near bridge 

QGD1 – Discharge measured at Downstream Garoutte Station 

QGW – Groundwater Discharge estimated from mass balance between GU1 and GD1 Stations 

Calculated as: 

QGD1 - Qinput2 - Qinput1 - QFC1 - QGU1 = QGW,  

7.6cfs - 0cfs - 0cfs - 0cfs - 5.6cfs = 2 cfs 

Based on the current synoptically measured results, the estimated groundwater discharge to Garoutte 
Creek without accounting for the two ephemeral stream inputs is about 2 cfs (see Section 3.3.1.2).  The 
difference in discharge between GU1 and GD1 was calculated during synoptic stream velocity 
measurements in August, when Furnace Creek and the other ephemeral streams on the opposite bank 
were dry.  The calculated mass balance in discharge suggests a summer baseflow discharge of 2 cfs 
over the 1,600 ft reach of stream between GU1 and GD1.   

Additional stream flow data collection in 2014 will improve characterization of stream discharge in 
the segment of Garoutte Creek that occurs within OU1 and help refine the total flow contribution 
along the reach between GU1 and GD1 attributed to groundwater discharge seasonally.  The two small 
streams entering Garoutte Creek from drainages opposite of the Black Butte Mine Site, will also be 
targeted for flow measurements when they are actively discharging.  

  3-18 
Final Black Butte OU1 Data Summary Report.docx 



Section 3  •  Physical Characteristics 
 

After additional synoptic discharge data are collected, a simple validation of the groundwater 
contribution estimate will be performed that will use the average gradient of the Garoutte Creek 
alluvial aquifer system to estimate the relative hydraulic conductivity of the sediments necessary to 
allow for this amount of groundwater discharge to the creek.  This hydraulic conductivity value will 
then be evaluated against literature values for soil types matching the description of the Garoutte 
Creek alluvial aquifer. 

3.6 Soils 
3.6.1 Soil Layers 
Soil data for the Garoutte Creek watershed was obtained from the National Resources Conservation 
Service (NRCS) SSURGO database (NRCS, 2013, http://datagateway.nrcs.usda.gov/). SSURGO is a 
geodatabase of soils series map boundaries and descriptions. While there appears to be many 
different types, the soils are quite similar across the watershed. Generally, soils in the OU1 study area 
and upper Garoutte Creek watershed are comprised of a mix of silty clay loams on moderate slopes 
with rockier loams toward the watershed boundaries where slopes are steepest. Figure 3.6-1 shows 
the spatial distribution of soil series type in the Garoutte Creek watershed. Soil series descriptions for 
the soils in the watershed were downloaded and used to set initial estimates for soil hydrology 
parameters in fate and transport evaluations using the WARMF watershed model (see Appendix E). 

In addition to the SSURGO geodatabase, lithologic information from monitoring wells installed within 
the OU1 study area provided information on local soil profile characteristics.  

3.6.2 Land Cover 
The Multi-Resolution Land Characteristics (MRLC) consortium maintains a National Land Cover 
Database (NLCD), developed from analysis of decadal Landsat satellite imagery (Fry et al., 2011, 
http://www.mrlc.gov/index.php). Land cover type for the study area was downloaded from the NLCD 
and land use distributions for each subcatchment were calculated using ESRI Spatial Analyst ® for 
importing into the WARMF model. Figure 3.6-2 shows the classified land cover types for the OU1 
Study Area and Garoutte Creek watershed. The amount of each land cover type in the watershed is 
tabulated in Table 3.6-1. 

3.7 Ecology 
Terrestrial and aquatic habitats were characterized during field surveys using the Ecological Risk 
Checklist that CDM Smith has adapted from EPA for use on hazardous waste sites. Habitats and 
communities present within the OU1 study area are described below. Additional description of site 
ecology and lists of plant and animal species observed within the OU1 study area are provided in the 
Risk Assessment Problem Formulation.  This document is also known as the Baseline Ecological Risk 
Assessment Plan (BERAP) and it is presented in Appendix F. 

3.7.1 Terrestrial Habitat Assessment 
Terrestrial habitats in and around the site consists of mixed forest dominated by Douglas-fir 
(Pseudotsuga menziesii), Western red cedar (Thuja plicata), Western hemlock (Tsuga heterophylla), 
and bigleaf maple (Acer macrophyllum). Understory vegetation within forested areas consists of vine 
maple (Acer circinatum), Oregon grape (Mahonia aquifolium), and thimbleberry (Rubus parviflorus), 
with Himalayan blackberry (Rubus armeniacus) dominating forest edges and open, disturbed areas. 
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There are also large upland areas disturbed by mining and reclamation activities that are dominated 
by stands of invasive Scotch broom (Cytisus scoparius).  

Additional terrestrial habitat assessment will be conducted during vegetation surveys to be conducted 
in support of the Baseline Ecological Risk Assessment (BERA).  

3.7.2 Aquatic Habitat Assessment 
Aquatic habitats are associated with Furnace, Dennis, and Garoutte Creeks. Both Dennis Creek and 
Furnace Creek flow west-northwest to Garoutte Creek, which flows northward approximately six 
miles to the Coast Fork of the Willamette River.  

Furnace Creek is a narrow, steeply sloped and incised drainage. Downstream portions, where Old 
Furnace tailings are deposited, only experience discharge seasonally during the wet season from late 
November through mid-May. The substrate in Furnace Creek consists primarily of fine-grained 
sediment and tailings in the mid to lower reach segments downstream to the mouth. Due to its steep 
slope and intermittent nature, Furnace Creek does not support habitat for fish, but may support larval 
amphibians in upstream reaches where flow is perennial. 

Dennis Creek is a perennial stream with a dominate substrate consisting of cobbles and gravel. 
Garoutte Creek is a larger stream that consists of cobbles, gravel, and sand. Bank-full width is 
approximately 40 feet and average depth is 1 foot. In May 2013, flow in lower Garoutte Creek was 
approximately 17 cfs. Both Dennis Creek and Garoutte Creek support habitat for fish and other aquatic 
species. 

Riparian vegetation occurs adjacent to the creeks and is dominated by deciduous trees and shrubs 
including bigleaf maple, red alder (Alnus rubra), and vine maple. Sword fern (Polystichum munitum) 
and thimbleberry are common understory riparian species, with Himalayan blackberry dominant 
along much of the riparian habitat. Reed canarygrass (Phalarius arundinacea) is present along some of 
the wider reaches of Garoutte Creek.  

Additional aquatic habitat assessment will be conducted during fish and benthic macroinvertebrate 
surveys to be conducted in support of the BERA. 
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Figure 3.1-1
Site Features Map 
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Figure 3.1-2
Remnant of Old Furnace Structure



Figure 3.2-1
NOAA Weather Station 
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Figure 3.2-2
Historical Annual Precipitation Data 
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Figure 3.2-3
Monthly Precipitation Records at 

NOAA Black Butte & Site Weather 
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Figure 3.3-1
Stream Locations and Watershed 

Sub-Catchment Areas



Figure 3.3-2
Monitoring Locations and OU1 Sub-

Catchment Areas 



Figure 3.3-3
Garoutte Creek Upstream Station 

(GU1)

Photo taken March 4, 2013



Figure 3.3-4
Garoutte Creek Downstream Station 

(GD1)

Photo taken November 27, 2012



Figure 3.3-5
GU1 Flow Vs. Precipitation 

Photo taken November 27, 2012
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Figure 3.3-6
GD1 Flow Vs. Precipitation 

Photo taken November 27, 2012
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Figure 3.3-7
Upper Furnace Creek Channel

Photo taken August 21, 2013



Figure 3.3-8
Headwall of Landslide Near Furnace 
Creek Mouth – Immediately Above 

FC1 Stream Station

Photo taken November 29, 2012



Figure 3.3-9
Water Supply – Upper 
Furnace Creek 

(b) (6)



Figure 3.3-10
Furnace Creek Station (FC1) Looking 

Downstream to Confluence with 
Garoutte Creek in Background

Photo taken November 29, 2012



Figure 3.3-11
FC1 Flow Vs. Precipitation

Photo taken November 29, 2012
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No flow observed at Furnace Creek between 
May 6, 2013 and November 11, 2013



Figure 3.3-12
Dennis Creek Station (DC1)

Photo taken November 27, 2012



Figure 3.3-13
DC1 Flow Vs. Precipitation

Photo taken November 27, 2012
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Figure 3.3-14
Cross-Sectional Velocity Survey –

GD1 Station

Photo taken November 27, 2012



Figure 3.3-15
Furnace Creek Temporary V-Notch 

Weir

Photo taken March 4, 2013



Figure 3.3-16
Rating Curve for GU1

Photo taken November 29, 2012
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Figure 3.3-17
Rating Curve for GD1

Photo taken November 29, 2012
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Figure 3.3-18
Rating Curve for DC1

Photo taken November 27, 2012
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Figure 3.3-19
Rating Curve for FC1
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Figure 3.3-20
Manning’s n Values for 

Natural Stream Channels



Figure 3.4-1
Site Geologic Map

Photo taken November 29, 2012





Figure 3.5-1
Groundwater Level Contours 

(August 12, 2013) 

All water level data collected synoptically on August 12, 2013 except for MW8 which was measured on August 14, 2013 



Figure 3.5-2
MW2 Hydrograph with Temperature
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Figure 3.5-3
MW3 Hydrograph with Temperature
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Figure 3.5-4
MW8 Hydrograph with Temperature
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Figure 3.5-5
MW12 Hydrograph with Temperature
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Figure 3.5-6
Water Level Elevations of GU1 and 

MW12
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Figure 3.5-7
Water Level Elevations of GD1 and 

MW2 
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Figure 3.5-8
Water Levels of DC1 and MW3
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Figure 3.6-1
Spatial Distribution of Soil 

Series Type in Garoutte Creek 
Watershed 

Photo taken March 4, 2013



Figure 3.6-2
Land Cover Types for the OU1 

Study Area and Garoutte 
Creek Watershed 
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Table 3.2-1 Historical Precipitation Data Statistics
Eugene Cottage Sutherlin Black Butte

# of months with less than 5 records 50 81 120 106
# of months with less than 10 records 75 135 167 159
# of months with less than 20 records 139 218 236 242
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Table 3.3-1 Total Annual Discharge Volume With Potential Measurement Error

Station
Annual total discharge 

volume (cfs)
-14% annual total 

discharge (cfs)
+14% annual total 

discharge (cfs)
Dennis Creek 44,460 38,236 50,684
Furnace Creek 1,690 1,453 1,927
Upper Garoutte 721,967 620,892 823,042
Lower Garoutte n/a n/a n/a
* Notes :
    - cfs: cubic foot per second
    - n/a:  not available due to missed data from sensor malfunctions
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Table 3.5-1 Manual Water Level Measurements
Well ID Stick up (ft) Date & time Depth to water (ft) Comments

6/28/13 10:55 AM 8.48 Pre-development
8/12/13 12:32 PM 9.52
11/8/13 12:35 PM 8.61
6/27/13 12:15 PM 7.92 Pre-development
8/12/13 12:10 PM 7.98
11/8/13 12:18 PM 7.6
6/26/13 10:00 AM 11.54 Pre-development
8/12/13 12:15 PM 11.54
11/8/13 12:13 PM 10.89
6/27/13 3:35 PM 9.8 Pre-development

8/12/13 11:20 AM 9.52
11/8/13 1:00 PM 8.52
6/27/13 4:05 PM 11.97 Pre-development

8/12/13 11:13 AM 13.2
11/8/13 12:55 PM 11.4
6/28/13 11:00 AM 5.6 Pre-development
8/12/13 10:57 AM 7.15
11/8/13 2:45 PM 5.87

8/12/13 11:33 AM 15.65
11/8/13 1:10 PM 14.04
8/14/13 9:30 AM 9.71

11/8/13 2:00 PM 3.22
Water level rising after pulling troll 
transducer; stable after 45 min

6/28/13 4:35 PM 8.49 Pre-development
8/14/13 11:50 AM dry
11/8/13 3:32 PM 8.15

6/27/13 12:00 PM 18.1 Pre-development
8/12/13 10:42 AM 18.07
11/8/13 2:30 PM 15.58

8/12/13 10:30 AM 18.07
11/8/13 2:24 PM 15.58

8/12/13 12:53 PM 6.28
11/8/13 3:13 PM 5.61
6/28/13 1:20 PM 6.16 Pre-development

8/12/13 12:43 PM 7.42
11/8/13 3:00 PM 5.62

* Notes :
   - ft: foot
   - ID: identification
   - MW: monitoring well
   - N/A: not available

2.75MW-13

2.35MW-10

2.67MW-11

N/AMW-12

N/AMW-7

N/AMW-8

N/AMW-9

3.71MW-4

3.15MW-5

2.37MW-6

2.36MW-1

2.79MW-2

2.64MW-3
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Table 3.6-1 NRCS Land Cover Type Distribution in Garoutte Creek Watershed & OU1 Study Area
Land Cover Classification (NLCD) OU1 Study Area (acres) Total Area (acres)

Barren Land (rock/sand/clay) 0 12
Deciduous Forest 0 3
Developed, Low Intensity 0 7
Evergreen Forest 61.3 6,026
Grasslands/Herbaceous 2.14 581
Mixed Forest 3.07 19
Shrub/Scrub 81.74 3,909
Total 148.25 10,557





 

Section 4  
Nature and Extent of Contamination 
This section describes the chemical data collected during Phases 1, 1a, and 2 of the OU1 RI. These 
samples were designed to characterize the nature and extent of contamination in the OU1 study area, 
and to support the evaluation of contaminant fate and transport, and human health and ecological 
risk.  

4.1 Borehole Samples 
Samples of soil, clay-altered bedrock and tailings were collected during installation of monitoring 
wells by rotosonic methods. The rotosonic drilling method collects continuous samples of drill 
cuttings in a core barrel, and these cores were sampled at selected intervals as discussed in Section 2. 
The samples were submitted for TAL metals (ISM01.3) and modified synthetic precipitation leaching 
procedure (SPLP) (SW-846 Method 1312) analyses, and were analyzed in the field using FPXRF 
(modified EPA Method 6200). The objectives for these samples and analyses included: 

 Preliminary evaluation of total metals content using TAL metals analyses 

 Evaluation of the potential for these materials to leach mercury or other metals to groundwater 
using SPLP analyses 

 Preliminary evaluation of the accuracy of FPXRF to support design of a demonstration of 
methods applicability (DMA) analysis at the site using paired TAL metals and FPXRF analyses 

The location of the monitoring wells was based primarily on hydrogeologic considerations, and 
therefore, the sample locations for the borings were not designed to target a specific area such as 
tailings and mineralized materials, soils, or clay-altered bedrock.  However, the borehole samples 
included some samples from each of these target populations based on interpretation of the geologic 
logs for the well, which are included in Appendix C. Monitoring well soil TAL metals data are 
presented in Table 4.1-1, modified SPLP data are presented in Table 4.1-2, and paired FPXRF and 
TAL metals data are presented in Table 4.1-3. The monitoring well locations are shown in Figure 3.3-
2. 

4.1.1 TAL Metals Data for Soil  
One background monitoring well, MW13, was constructed in an area selected to be representative of 
background conditions for groundwater, and samples were collected from this boring at depths 
ranging from 0 to 5-ft below ground surface (bgs). However, samples collected at this location are not 
sufficient to fully characterize background conditions in the OU1 study area for the target populations.  
Therefore, the TAL metals data are screened with respect to ODEQ background soil values for the 
Cascade Mountains province (ODEQ 2013) to provide general information regarding analytes that 
may occur at concentrations above background within the OU1 study area. Based on this screening 
approach, metals that exceed the comparison criteria in at least one sample include antimony, arsenic, 
cadmium, copper, manganese, mercury and selenium. This assessment includes data that are qualified 
as estimated (i.e. a “J” qualifier).   

4-1 
Final Black Butte OU1 Data Summary Report.docx 



Section 4  •  Nature and Extent of Contamination 
 

Several interesting relationships are evident in the mercury data. The highest mercury concentration 
observed in soil was 77.5 milligrams per kilogram (mg/kg). This sample was collected at the surface 
during installation of monitoring well MW7, which is located in the area reported to be near two 
former settling basins used by the mine , 2013).  These data suggest that physical dispersion of 
mercury may have occurred, which transported mercury from the Furnace Creek area towards the 
reported settling basins, and that these affected soils may represent a secondary source of mercury 
within the OU1 study area.   

Only one boring intersected tailings, MW11. Interestingly, mercury concentrations in the tailings are 
relatively low (2.5 and 9.2 mg/kg in two samples), but mercury concentrations in clay-rich material 
underlying the tailings are relatively higher (up to 39.8 mg/kg).  These materials were logged as clay 
and sandy clay in the geologic log for the bore hole and extended to a depth of 70 ft. bgs. Based on the 
geological descriptions of the area provided by Wells and Waters (1934), these materials are thought 
to be hydrothermally altered (i.e. clay-altered) pyroclastic rocks. The mercury concentration of these 
clay-altered rocks is relatively low at depth, ranging from 0.018 to 0.038 mg/kg. The relatively higher 
mercury concentration directly beneath the tailings suggests that leaching of mercury from the 
tailings may have occurred with subsequent attenuation of mercury concentrations in the leachate by 
adsorption to near-surface clay-altered bedrock underlying the tailings.  However, this hypothesis is 
based on data from only one boring.  Additional information regarding potential leaching or mercury 
or other constituents from tailings is recommended and will be gathered under future investigations 
for completion of the OU1 RI. 

4.1.2 Modified SPLP Data 
Seven modified SPLP analyses were conducted on samples collected from monitoring well boreholes 
MW4, MW5, MW6, MW7, MW10 and MW11. These samples were selected based on the FPXRF 
measurements, with sample intervals exhibiting the highest FPXRF mercury concentrations submitted 
for modified SPLP analysis. The SPLP test (EPA Method 1312) is a bottle roll analysis where the 
sample is placed into a bottle, simulated rainwater is added at a ratio of 20:1 water to solids ratio, the 
bottle is agitated, and a water sample is extracted to evaluate leaching of metals from the sample into 
the water. The water samples are filtered using a 0.6 to 0.8 micron filter.  The modification to the SPLP 
analysis used in this investigation was to reduce the extraction fluid to rock ratio of the method from 
20:1 to 3:1. This modification provides for less dilution and better resolution of metals that leach from 
the sample. The extraction fluid was simulated precipitation for areas west of the Mississippi River as 
described in EPA Method SW-846 1312. 

The SPLP data are presented in Table 4.1-2 and are screened with respect to Oregon surface water 
quality standards assuming a hardness of 100 mg/L CaCO3 eq. These comparison criteria were chosen 
because the contaminant fate and transport processes that may contribute to transport of leachate 
from tailings or other soils are not yet characterized, and because these comparison values are 
generally lower than Oregon groundwater standards. Therefore, use of the surface water standards as 
comparison criteria is relatively more conservative than screening the data using the groundwater 
standards. 

Five metals exceed the comparison criteria in at least one modified SPLP analysis: aluminum, 
cadmium, copper, mercury and zinc. The samples submitted for modified SPLP analyses were 
purposely biased towards the samples from each boring that exhibited the highest FPXRF mercury 
concentration in order to provide initial information regarding whether mercury or other constituents 
may leach from the soil samples. In addition, all samples submitted for modified SPLP analyses were 
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either surface or subsurface soils, and the target population of tailings and other mineralized 
materials is not represented in this data set. However, the data do provide an initial idea of the 
potential for mercury to leach from site soils. 

The mercury concentration in the SPLP extract solution samples ranged from less than the detection 
level of 0.05 µg/L to 2.8 µg/L (2,800 nanograms/Liter [ng/L]), with the highest concentration 
observed in the surface sample collected at the location of the MW7 boring. This sample interval had 
the highest total mercury concentration of the soils dataset as discussed previously (77.5 mg/kg), and 
is thought to be near a former sediment basin utilized during past mining operations.  The second 
highest modified SPLP mercury concentration of 0.639 µg/L (639 ng/L) was observed for the surface 
sample collected at MW6, which is located generally downslope from the Main Tailings area. This 
sample interval exhibited a total mercury concentration of only 2.6 mg/kg as shown in Tables 4.1-1 
and 4.1-3.  The SPLP mercury concentrations of 2,800 and 639 ng/L are several orders of magnitude 
higher than mercury concentrations measured in surface water and groundwater, which indicate that 
some site soils do have the potential to leach mercury at concentrations that could affect surface water 
or groundwater quality.  

It is possible that the modified SPLP mercury data discussed above and shown in Table 4.1-2 are not 
dissolved, and that the mercury may be in a particulate form with particle size of less than 0.6 to 0.8 
microns. The pore size of the filter used in the SPLP test is slightly larger than the 0.45 micron filter 
used during surface water sampling to differentiate between samples generally referred to as “total” 
and “dissolved”, however particulate mercury of less than 0.6 to 0.8 microns diameter may be 
transported towards surface water or groundwater. Very fine-grained particulate mercury may also 
be relatively more reactive than larger particulate forms of mercury, because of the relatively higher 
surface area present on the small particles. 

4.1.3 FPXRF Data 
FPXRF data were collected to provide initial information regarding the site-specific performance of 
FPXRF in identifying materials that contain elevated concentrations of mercury or other metals. 
Paired CLP and FPXRF data are presented for all analytes in Table 4.1-3. The data for arsenic and 
mercury, two selected contaminants of potential concern (COPC), are analyzed in detail using 
graphical analysis, linear regression and evaluation of relative percent difference. Additional 
evaluation of the CLP and FPXRF data will be conducted in the planned DMA technical memorandum.  

As shown in Table 4.1-3, multiple FPXRF and paired TAL metals sample analyses were conducted for 
some of the borehole intervals. These additional samples and analyses were completed because of 
issues encountered conducting field preparation of the FPXRF samples due to wet conditions during 
sampling. These samples are denoted in Table 4.1-3 as sieved (S), dried and sieved (DS), and 
unsieved (US).  The FPXRF sample preparation protocol defined in the QAPP called for sieving samples 
to <1.5 mm prior to FPXRF analysis. Samples that were dry enough to sieve in the field are designated 
as “sieved”. Some of the samples were too wet to be effectively sieved without drying. The field team 
was successful in drying some of the samples to facilitate FPXRF analysis. These samples are 
designated as “dried and sieved”. Other samples were too wet for sieving and were analyzed prior to 
drying or sieving and are designated as “unsieved”. The moisture content of each laboratory sample 
was analyzed and those data are also included in Table 4.1-3. 

A scatter plot comparing the CLP mercury data to the FPXRF data is shown as Figure 4.1-1. Linear 
regression of the data provides an r-squared value of approximately 0.8, which indicates a moderate 
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correlation between the CLP and FPXRF data. However, the slope of the regression line is 1.8, which 
indicates that the correlation between CLP and FPXRF data is not consistent as the concentration 
increases. When the single high concentration data point is removed from Figure 4.1-1, the r-squared 
value decreases to 0.54, however, the slope of the regression line improves to 1.03. To further explore 
this relationship, the percent difference (%D) between CLP and FPXRF was calculated as shown in 
Table 4.1-3.  In the Table, the %D was not calculated when either result was not detected, or when 
the CLP result was reported as an estimated value below the mercury contract required quantitation 
limit (CRQL) of 0.1 mg/kg for mercury.  In addition, when the value approaches the reporting limit, the 
EPA comparison guidelines direct the comparison to be the absolute difference between the two 
values as compared to the reporting limit value.  This rule was followed in the comparison was shown 
in Table 4.1-3.  The percent difference (%D) between CLP and FPXRF results were plotted with 
respect to CLP concentration as shown on Figures 4.1-2 and 4.1-3. Note, the plot shows the %D 
calculation result even when one result was not detected. This approach provides more information 
regarding variations in FPXRF accuracy at different concentrations.  As shown in Figure 4.1-2, FPXRF 
analyses completed on samples with CLP mercury concentrations below approximately 5 mg/kg are 
inaccurate and biased high. However, at concentrations above approximately 5 mg/kg, the FPXRF data 
are relatively more accurate. This is also apparent by comparing the results graphed to the results as 
presented in Table 4.1-3. 

Figure 4.1-3 was prepared by truncating the y-axis to only show data with %Ds of less than 2,000%. 
This procedure excludes the very inaccurate FPXRF data at low concentrations, but allows the 
relationships between %D and concentration to be displayed more accurately for samples with CLP 
mercury concentrations higher than approximately 5 percent. Note that the very high %Ds are a result 
of CLP results reported up to an order of magnitude below the CRQL of 0.1 mg/L, and an FPXRF result 
within approximately 10x the CRQL.  The percent difference is real and therefore graphed, but both 
numbers are very low, and in the range of the soil detection limits.   

The points on the graph have unique symbology and color with respect to field sample preparation 
methods. The data show that FPXRF data are reasonably accurate at concentrations above 
approximately 10 mg/kg, and that the field sample preparation process of sieving and/or drying and 
sieving improves the accuracy of the FPXRF data. However, only a small sample set is available for 
concentrations above 10 mg/kg, and only two samples were collected from tailings. Therefore, the 
target population of tailings is not well-represented in the data set, but the available data suggest that 
FPXRF will be a useful field tool for evaluating samples with mercury concentrations above 
approximately 10 mg/kg.  This may be useful for identification of tailings, tailings affected soils, or 
other soils containing high concentrations of mercury. 

4.2 Surface Water 
Surface water is the primary transport mechanism for the movement of mercury and other 
constituents from the OU1 study area to downstream receiving water bodies, including Cottage Grove 
Lake. Accordingly, mercury loads in surface water leaving the OU1 study area were characterized 
during a storm event in March 2013 and during base-flow conditions in August 2013. Mercury in 
surface water can be transported in multiple forms, therefore water quality analyses evaluated 
filtered, unfiltered and methylmercury in surface water samples. The samples were also analyzed for 
filtered and unfiltered metals and major cations and anions.  

This report summarizes surface water monitoring data collected from the four surface water 
monitoring stations (see Figure 3.3-2) before, during, and following an approximately 3/4 inch storm 
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event that occurred on March 6, 2013, and surface water grab samples collected during low-flow 
conditions during August 2013. A set of six samples were collected from each station during the storm 
event. One sample was collected from three of the four sites (Furnace Creek was dry) during dry 
weather conditions in August 2013. The March 2013 surface water quality data are shown in Table 
4.2-1 and the August 2013 surface water quality data are shown in Table 4.2-2. 

4.2.1 Mercury 
4.2.1.1 Evaluation of Mercury Concentrations with Respect to Comparison Criteria 
EPA set a fish tissue residue water quality criterion of 0.3 mg methylmercury/kg fish rather than a 
water column-based water quality criterion (EPA, 2001). ODEQ adopted Table 40: Human Health 
Water Quality Criteria for Toxic Pollutants, which set a more stringent statewide human health 
criterion of 0.04 mg methylmercury/kg in fish tissue for to be protective of consumption (ODEQ, 
2011). The use of a fish tissue criterion circumvents the spatial and temporal complexity that occurs in 
aquatic systems and that affects methylmercury bioaccumulation. Conversely, surface water load 
reductions needed to meet this standard in fish tissue are uncertain. A total maximum daily load 
(TMDL) for mercury was established by ODEQ (2006) for the Coast Fork of the Willamette River sub-
basin, which includes Garoutte Creek and the Black Butte mine.  This TMDL established a water 
column guidance value of 0.92 ng/L for total mercury, which is estimated to provide for fish tissue 
methylmercury concentrations that are lower than 0.3 mg methylmercury/kg fish.   

In addition to the human health criteria, ODEQ adopted Table 33 for aquatic life, which contains a 
freshwater chronic criterion of 12 ng/L total Hg (ODEQ, 2013). This standard is set to be protective of 
aquatic life and is likely less stringent than the standard to protect human health from fish 
consumption.  

Mercury concentrations for surface water samples collected in this investigation are screened with 
respect to the freshwater chronic criteria in Tables 4.2-1 and 4.2-2, and the data are also assessed 
with respect to a more-stringent water column guidance value of 0.92 ng/L. 

Detectable concentrations of total mercury from the surface water samples collected to date have 
ranged from approximately 2.2 to 7,340 ng/L, with Furnace and Dennis Creeks having relatively 
higher concentrations than Garoutte Creek. Figure 4.2-1 is a box plot that shows the range of mercury 
concentrations observed at the surface water monitoring stations.  The green line within the box plot 
shows the estimated annual average concentration of total mercury at each site based on a flow 
frequency weighted method described below.  Even the lowest mercury concentrations recorded at 
the background surface water quality station GU1 exceed 0.92 ng/L and therefore may cause or 
contribute to bioaccumulation of methylmercury in fish to levels over 0.03 mg/kg in downstream 
water bodies. However, the average mercury concentrations in Garoutte Creek (both upstream and 
downstream locations) are very close to the standard of 12 ng/L for protection of aquatic life.  

During the August 2013 sampling event, total and dissolved mercury concentrations were typically 
less than 10 ng/L in Garoutte Creek, which suggests that the stream may meet the freshwater aquatic 
life standard during dry weather. Compared with summary statistics for total mercury in baseflow in 
streams throughout the United states, Garoutte Creek is more comparable to unmined basins (mean = 
3.0 ng/L) than mined basins (mean = 23.5 ng/L) (USGS, 2009). Conversely, average baseflow 
concentrations in Dennis Creek (18 ng/L) and Furnace Creek (857 ng/L) are more comparable to 
mined basins, with Furnace Creek exceeding the maximum of surveyed streams in the USGS summary 
report equal to 446 ng/L. 
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Surface water samples from all four of the OU1 monitoring stations demonstrated a trend of 
increasing total mercury concentration with increasing runoff as a result of storm events (Figure 4.2-
2). This mercury increase is likely attributable to increases in suspended sediment during storm 
events and the higher portion of total mercury found in the particulate form during storms (Figure 
4.2-3). 

4.2.1.2 Mercury Speciation 
Surface water samples were analyzed for total mercury, filtered mercury, and methylmercury. The 
speciation of mercury showed all sites contained higher particulate fractions during storm events 
(Figure 4.2-3). It should be noted that filtered concentrations may include some particulate mercury 
as the samples were filtered in the field using a 0.45 micron filter and smaller particles are expected in 
water samples in this watershed. Thus the estimates of particulate fractions are conservative and may 
be even higher.  

The surface water mercury speciation also shows that a small portion (<1%) of total mercury is in the 
methylated form. However, methylation can occur within the downstream receiving water bodies, 
where conditions are more favorable and where there is a greater risk for bioaccumulation, such as 
within Cottage Grove Lake reservoir. 

The concentration of mercury within suspended sediment was estimated by comparing concentration 
data for TSS with particulate mercury (Table 4.2-3). The mercury concentrations in suspended solids 
were then compared with concentration data from channel bottom sediments and watershed soils to 
assess which source more closely resembled mercury being transported with TSS in surface water. 
This comparison suggests that re-suspension of channel bottom sediments may play a greater role 
than watershed soil erosion during small to moderate size storms (0.75 inches on March 6, 2013). 
Subsequent data collected under additional field investigations at the same surface water locations 
within OU1 will be analyzed in the same manner to provide a stronger basis to discern the primary 
source of particulate mercury in surface runoff. 

4.2.1.3 Mercury Load Analysis  
Pollutant loads are computed for a given time step as the product of flow (volume per time) and 
constituent concentration (mass per volume). Therefore to estimate long term pollutant loading, 
continuous data records would be required for both flow and concentration. While flow gauging 
provides a continuous record of flow, concentration measurements are collected more coarsely. For 
the OU1 Study Area, concentration data collected for only one storm event and one dry weather 
sample provides the rough basis for estimating loads over an entire hydrologic year. Several 
approaches exist to estimate loads from continuous flow records and smaller water quality data sets 
with varying levels of robustness to data thinning (Endreny et. al., 2005).  

The discharge frequency weighted method (Harned et. al., 1981) was used to estimate annual load for 
the period of record at the flow gauges (November 29, 2012 – November 28, 2013). This method 
estimates mean water quality concentrations for representative discharge intervals (Cg). Continuous 
flow data is used to assign a frequency based weight to each Cg based on the number of days within 
the discharge interval (Og), which is then multiplied by annual flow volume (Vrunoff) to obtain an 
estimated annual mercury load (L), as follows: 
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For each of the surface runoff monitoring stations, best professional judgment was used to set 
discharge intervals and allocate the concentration data from the March storm event and August dry 
weather sample to the selected intervals based on the flow at the time of sample collection. Annual 
flow frequency weighted average concentration and load estimates for total mercury at each station 
are reported in Table 4.2-4. Also included in Table 4.2-4 are estimated loads based on simple mass 
balance for other inflows located between the upper and lower Garoutte Creek stations and for 
Garoutte Creek downstream of Dennis Creek (sum of GD1 and DC1). 

Figure 4.2-4 shows the relative contribution of each subarea to total downstream load. The most 
significant finding from this load analysis is that Furnace Creek appears to contribute less than 25 
percent of downstream loads based on available data, despite having estimated average annual in-
stream concentrations that are roughly two orders of magnitude greater than the other subareas. The 
flow gauge data showed that Furnace Creek was completely dry about 50 percent of the period of 
record, which partially explains the less significant impact to downstream loading, especially during 
dry weather.   

4.2.2 Other Analytes 
A series of other constituents were monitored during the March storm event and August dry weather 
sample. These constituents are compared with water quality comparison criteria in Tables 4.2-1 and 
4.2-2. Comparison criteria are either ODEQ surface water quality standards or EPA National 
Recommended Ambient Water Quality Criteria, whichever is lower. These comparison criteria assume 
a hardness of 100 mg/l for hardness dependent constituents. Values exceeding the comparison 
criteria are shown with highlighted text on the tables. This preliminary screening shows that the 
surface water samples exceed the comparison criteria for aluminum and barium for some samples. 
The laboratory detection levels were not sufficient to evaluate cadmium, selenium and silver 
concentrations with respect to the comparison criteria. Those values are also highlighted on the 
tables.  

4.2.2.1 SUVA Data Analysis 
Specific ultraviolet absorbance (SUVA) is a parameter that is used to determine the aromatic nature of 
a measured value of DOC. DOC that is composed of organic molecules that have planar ring structures 
are considered aromatic. Aromatic DOC absorbs UV254 more significantly than other organic matter 
(Weishaar et al. 2003). SUVA, therefore, is a proxy indicator of DOC that has high aromatic carbon 
content with strong sorption capabilities. The DOC characteristic of aromaticity is a parameter of 
interest in the evaluation of mercury fate and transport because aromatic DOC can bind with inorganic 
mercury and methylmercury. SUVA is important because it indicates how available different mercury 
species will react in the aquatic environments. Methylmercury that is already in the environment is 
less available for uptake in algae and other organisms at the base of the food web when bound to 
aromatic DOC (Gorski, et al., 2008).  

SUVA values were calculated from DOC and UV254 data collected during the March 2013 storm 
sampling event at each of the four surface runoff monitoring stations and are shown on Figure 4.2-5. 
SUVA is defined as the UV absorbance at 254 nm measured in inverse meters (m-1) divided by the 
concentration of DOC (mg/L) resulting in units of L/mg-m. SUVA is an indication of the aromatic 
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fraction of total DOC present.  In the March 2013 baseline sample, prior to the storm event, SUVA 
values were very similar between GD1, GU1, and DC1, ranging from 0.5 to 0.6 L/mg-m between 
locations. FC1 had a SUVA value approximately half that of the other stations at 0.25 L/mg-m, 
indicating a smaller aromatic DOC fraction.  SUVA values nearly tripled in the larger 3 stream 
segments samples through the rising limb of the hydrograph, and nearly doubled in the smaller 
stream station FC1. In contrast, total DOC values increased less than 20% throughout the storm event 
for the various sampling sites. This follows that both Garoutte and Dennis Creek are fed by a larger 
watershed and have greater terrestrial DOC contribution than Furnace Creek. Mercury associated with 
Garoutte Creek would potentially be more bound up with aromatic compounds than mercury 
associated with Furnace and Denis Creek, although, the SUVA values in all reaches are relatively low as 
compared to studies that report DOC/Hg dynamics (Gorski, et al., 2008; Tsui and Finlay, 2011). SUVA 
values correlated well with total mercury concentrations in Garoutte Creek at GU1 and GD1, with r2 
values of 0.82 and 0.63 (P = 0.06 and 0.01 respectively, n=6) over the course of the storm event. The 
tributaries Dennis Creek and Furnace Creek showed less synchronicity between SUVA values and total 
mercury concentrations, but still had an observable correlation with r2 values of 0.47 and 0.53 (Both 
approximately P =  ~0.1, n=6). DOC values had a reciprocal trend to that of SUVA, with lower r2 values 
with Garoutte Creek at GU1 and GD1 of 0.28 and 0.33 (Both approximately P = 0.25, n=6) and higher r2 
values with Dennis and Furnace Creek of 0.72 and 0.64 (P = 0.03 and 0.05 respectively, n=6).The 
greater correlation with SUVA and dissolved total mercury from the larger stream suggests that 
mercury associated with runoff from terrestrial sources in the watershed were more likely to be 
bound with aromatic DOC as compared to smaller streams.  

An analysis of SUVA relationships with total mercury in 30 non-mercury impacted streams found a 
strong relationship to aromatic DOC, with an r2 value of 0.86 (P<0.0001) (Tsui and Finlay, 2011). The 
study concluded that when present, aromatic DOC will bind mercury species and attenuate the 
accumulation in the aquatic food web.  Dennis and Furnace creek have smaller water sheds, and 
mercury sources in these creeks are more influenced from mine tailings than from terrestrial runoff as 
compared to Garoutte. Contribution of aromatic DOC from mine tailing is lower than terrestrial 
contributions and it follows that the relationship with aromatic DOC in runoff waters would be 
weaker. Methylmercury associated with aromatic DOC has been shown to be less available for uptake 
in the aquatic food web, and thus the methylmercury fraction of the total mercury pool in runoff from 
Dennis and Furnace Creek would potentially be more available to accumulate in the food web than 
methylmercury in Garoutte Creek. However, once mercury from Dennis and Furnace creek enter the 
larger Garoutte creek, it is likely that excess labile mercury pool in Furnace would be quickly 
homogenized in the larger pool of aromatic DOC in Garoutte. Considering that the overall DOC 
concentrations are relatively low in Garoutte, the effects of aromatic DOC would be less that that 
observed in systems with higher DOC contribution.  

4.3 Sediment 
Sediment was sampled in March, 2013 at lower Furnace Creek (site FC1), lower Garoutte Creek (GD1), 
and lower Dennis Creek (site DC1). Also, background sediment samples were collected in October, 
2013 at locations in upper Garoutte Creek (GU1), upper Furnace Creek and upper Dennis Creek. This 
section presents the data collected during these sampling events, which are shown in Table 4.3-1. 

4.3.1 Comparison Criteria 
No state or federal sediment quality standards exist. Therefore, the sediment samples were screened 
using selected ecological risk comparison values to identify constituents that may occur at 
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problematic concentrations in the sediment samples. The sediment samples were screened using the 
Oregon Level II freshwater sediment comparison values (ODEQ 1998), Oregon Level II 
bioaccumulation comparison values (ODEQ 1998) or the National Oceanic and Atmospheric Sediment 
Quick Reference Table Threshold Effects Levels (NOAA 2008). These comparison criteria were applied 
as follows: 

 Oregon Level II freshwater sediment comparison values: Antimony, arsenic, cadmium, 
chromium, lead, manganese, nickel, silver and mercury. 

 Oregon Level II bioaccumulation comparison value: Beryllium, selenium, thallium. 

 National Oceanic and Atmospheric Sediment Quick Reference Table Threshold Effects 
Levels: Copper and zinc. 

These comparison values are not utilized to assess risk to ecological receptors, because the human 
health and ecological risk assessments for the OU1 study area are in progress. Rather, these 
comparison criteria are used to provide an initial set of metrics to help the reader understand the data 
collected to date. No sediment comparison criterion was identified for methylmercury, because 
potential risks of methylmercury are generally assessed using analysis of fish tissue. 

Background sediment samples were collected at each of the three streams within the OU1 study area, 
Garoutte Creek, Dennis Creek and Furnace Creek. The sediment samples collected at FC1, DC1 and 
GD1 are also assessed with respect to this local background data in the following sections. 

4.3.2 Mercury 
Both mercury and methylmercury were analyzed in the sediment samples. Each sediment sampling 
site was sampled using an incremental method, which involved collecting three separate 30-point 
composites (or “incremental samples”) at each location. Each 30-point incremental sample was 
analyzed separately, and the mean of the three samples was calculated to represent the average 
concentration of mercury and methylmercury at the sampling site. The contaminants of potential 
concern (COPC) concentrations of each 30-point incremental sample and the calculated averages are 
shown on Table 4.3-1. 

Using the average of the three 30-point incremental samples is based on application of the Central 
Limit Theorem, which states that even if the underlying population is not normally distributed, the 
average of multiple statistical samples collected from that population will be normally distributed as 
long as the number of increments in the statistical samples is high enough. Although each increment in 
the 30-point incremental sample is not analyzed, the increments are physically averaged by the 
sampling process, so this approach of analyzing the average of the three 30-point incremental samples 
is essentially an average of the physical averages of the three 30-point incremental samples collected 
at each location. Generally, 30 increments are considered to be an adequate number for the Central 
Limit Theorem to be valid. However, if the underlying population is multi-modal or strongly skewed, 
more than 30 samples are necessary. In the discussions that follow, the average will be used to 
represent the concentration of the sampling site, and uncertainties in the assumption of a normal 
distribution based on the central limit theorem will be identified, where apparent, based on the 
sample data.      

Samples were collected from bulk sediments, sediments passing a 2 mm sieve, and samples passing a 
62 to 64 µm sieve. The downstream sediment samples (GD1, FC1, and DC1) collected in March 2012 
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were sieved in the laboratory to less than 64 µm. The upstream samples (GU1, UFC1 and UDC1) were 
sieved in the laboratory to less than 62 µm, because of minor changes in the laboratory procedure. 
However, for purposes of data analysis, these gradations are considered to be equivalent. In the 
following paragraphs, samples that were sieved to less than 2 mm are referred to as the “-2mm” size 
fraction and sediments that were sieved to less than 64 or 62 µm are referred to as the “-63 µm” size 
fraction. 

Most of the sediment samples exceeded the mercury comparison value of 0.2 mg/kg, which is based 
on the Oregon Level II freshwater sediment comparison values. At Garoutte Creek, the background 
sample exceeded the comparison criteria for the -2mm size fraction and the -63 µm size fraction. Only 
the bulk sample met the mercury comparison criteria. At upper Dennis Creek and Upper Furnace 
Creek, all of the samples (bulk, -2mm and – 63 µm) exceeded the mercury comparison criteria. These 
data illustrate that the OU1 study area may be naturally enriched in mercury to some extent, which is 
also suggested based on evaluation of the geology of the OU1 study area as described in Section 3.4. In 
addition, all downstream samples (GD1, DC1, and FC1) exceeded the mercury comparison criterion. 

Figures 4.3-1 through 4.3-6 provide additional information to assess total mercury and 
methylmercury concentrations in the sediment samples. Figures 4.3-1 and 4.3-2 show the total 
mercury and methylmercury concentrations of each of the incremental samples along with the 
calculated average for all Garoutte Creek samples. Generally the total mercury concentrations range 
from less than 1 mg/kg to approximately 5 mg/kg. There is a slight increase in the sediment mercury 
concentration for each of the size fractions between Garoutte Creek upstream station (GU1) and 
Garoutte Creek downstream station (GD1). The -63 µm size fraction shows a marked increase, with 
the downstream concentration exceeding the upstream concentration by approximately four times. 
The increase in concentration associated with the -2mm and bulk samples is subtle and may not be 
statistically significant. In the case of the -2mm size fraction, the GU1 sample is 0.80 mg/kg, and the 
GD1 sample is only 0.86 mg/kg. The bulk sample in the GU1 and GD1 sites are 0.19 mg/kg and 1.2 
mg/kg respectively, which is an increase in the average value of approximately 6 times. Figure 4.3-2 
shows the methylmercury concentrations at GU1 and GD-1. The methylmercury concentrations 
generally range from 0.5 to 4 mg/kg. Therefore, the methylmercury concentrations are approximately 
1000 times lower than the total mercury concentrations. The highest methylmercury concentration is 
observed in the finest grain size fraction. There appears to be a slight increase in methylmercury 
concentrations between GU1 and GD1, but this increase may not be significant.  

Figures 4.3-3 and 4.3-4 show the total mercury and methylmercury concentrations of the Dennis 
Creek samples. The -2 mm size fraction sample from one incremental sample collected at the 
downstream site, DC1, is approximately an order of magnitude higher than the other two incremental 
samples collected at this location. This wide variation in mercury concentrations of -2 mm triplicate 
samples collected at DC1 suggests that the number of increments in the incremental sample may not 
have been large enough to provide for incremental sampling data that are normally distributed given 
the unknown characteristics of the underlying population of sediments in lower Dennis Creek. In this 
case, the average value of the -2 mm samples from lower Dennis Creek is tenuous for assessing the 
central tendency of the sampling data. For example, the average of the three -2 mm lower Dennis 
Creek samples is 61 mg/kg, whereas the median is only 8.7 mg/kg. The Dennis Creek samples do 
indicate an increase in total mercury concentrations between the upstream and downstream for all 
size fractions. The upstream sample (UDC1) mercury concentrations were 0.33 mg/kg, 0.74 mg/kg, 
and 0.32 mg/kg for the –2 mm, -63 µm and bulk samples respectively. The downstream (DC1) total 
mercury concentrations were 8.7 mg/kg, 6.7 mg/kg and 6.5 mg/kg for the –2 mm, -63 µm and bulk 
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samples respectively (utilizing the median for the -2mm sample rather than the average). Therefore, 
total mercury concentrations at the downstream site were about 1 order of magnitude higher than the 
upstream site on Dennis Creek. The methylmercury concentrations at Dennis Creek range from 
approximately 0.1 to 2.9 mg/kg, and are approximately 1000 times lower than the total mercury 
concentrations. An increase in methylmercury between the upstream and downstream sampling 
locations is evident for all grain size fractions. However the magnitude of this increase is much less 
than the total mercury, with methylmercury values generally ranging from 50 percent to 100 percent 
higher in the downstream location (DC1) as compared to the upstream location (UDC1).  

The highest sediment mercury concentrations and the largest relative increase between upstream and 
downstream sampling locations are present in Furnace Creek. The upstream total mercury 
concentrations at site UFC1 are generally similar to concentrations present at other background 
locations and range from 4.4 to 8 mg/kg. In contrast, the downstream total mercury concentrations at 
site FC1 range from 136 to 195 mg/kg. The Furnace Creek tailings are located within the tributary of 
Furnace Creek downstream of UFC1 and upstream of FC1. It is likely that physical dispersion of these 
tailings down slope within the tributary drainage is causing the large increase in total mercury 
concentration in sediment at FC1. The methylmercury concentrations in Furnace Creek sediment do 
not appreciably increase between the upstream and downstream sampling locations. The upper 
portion of the Furnace Creek tributary near sampling site UFC1 is perennial and is used to supply 
domestic water to a site resident. The lower portion of Furnace Creek near sampling site FC1 is 
intermittent, and flows only after the seasonal soil moisture deficit has been replenished and 
interception from vegetation has diminished (typically during the winter). This change from perennial 
to intermittent over the course of the stream channel may be important in understanding the factors 
controlling mercury methylation at Furnace Creek.  

4.3.3 Other Analytes 
Other analytes including total metals, sulfate, sulfide, AVS, total organic carbon, and total percent 
solids were analyzed in the sediment samples and are shown on Table 4.3-1. These data are not 
evaluated in this report, but will be evaluated in the subsequent OU1 remedial investigation report. 

4.4 Atmospheric Deposition 
During the March and November 2013 storm events, precipitation rates were measured at the BBM 
weather station and precipitation samples were collected. As discussed in Section 2, the tipping-
bucket rain gauge and data logger at the BBM weather station recorded cumulative rainfall and 
rainfall rate at 15-minute intervals throughout the storm event. Other atmospheric parameters, 
including temperature, barometric pressure, wind speed, and direction were also recorded at the 
weather station.  

Precipitation samples were collected during the storm event using the ACM collector and the 
secondary precipitation collections, setup of which are described in Section 2.2.3. Prior to the start of 
the storm event, a laboratory pre-cleaned 2-liter borosilicate sample bottle preserved with 
hydrochloric acid and sampling train (glass funnel and thistle tube) were installed in the ACM 
precipitation collector for collection of precipitation samples for mercury analysis. The ACM 
precipitation collector was then turned on, which enables the unit to automatically open the collection 
door when it is raining and close the door when the rain stops, thereby preventing sample 
contamination in between periods of rain. Laboratory pre-cleaned glass funnels and laboratory 
supplied 1-liter polyethylene sample bottles were installed on the free-standing, pole-mounted, 
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secondary precipitation collector.  One of the 1-liter sample bottles is preserved with nitric acid for 
TAL metals analysis and the other 1-liter sample bottle is unpreserved for analysis of common ions.   

During the March 2013 storm sampling event, the ACM precipitation collector and the secondary 
collectors were deployed on March 6, 2013, prior to the start of the storm event, and the samples were 
retrieved on March 7, 2013, after the rain had abated for half a day. Samples were processed and then 
shipped under chain-of-custody to Frontier Geosciences laboratory (mercury) and to the EPA’s 
Manchester regional laboratory (TAL metals and common ions). Results of the precipitation analysis 
are shown on Table 4.4-1.  

Mercury as Hg0 and Hg2+ is within the atmosphere throughout the world from both natural and 
anthropogenic sources. Atmospheric mercury settles to ground and may cause or contribute to water 
quality exceedances in receiving water bodies. There are four different means for atmospheric 
mercury to reach a downstream water body, as follows: 

 Dry deposition directly to water body 

 Dry deposition to watershed and subsequent mobilization to water body 

 Wet deposition directly to water body 

 Wet deposition to watershed and subsequent mobilization to water body 

4.4.1 Wet Atmospheric Deposition 
The Mercury Deposition Network (MDN) is a part of the National Atmospheric Deposition Program 
(NADP), a cooperative monitoring program comprised of federal and state agencies, academic 
institutions, Native American tribal governments, and private organizations (see 
http://nadp.sws.uiuc.edu/MDN/). Total mercury concentration in precipitation has been monitored 
by the MDN since 1996. One of the approximately 100 stations was located in the H.J. Andrews 
experimental forest, approximately 20 miles north of the OU1 study area. Weekly rainwater samples 
were collected over a seven year period (December 2002 – December 2010) from this MDN station 
before it was decommissioned. Figure 4.4-1 shows the monthly averages of wet and dry mercury 
deposition (ng/L and pg/m3) recorded at the H.J. Andrews Experimental Forest station 

One rainwater sample was collected and analyzed for total mercury from the March 2013 storm event 
from the meteorological stations within the Study area, and the laboratory data for the sample are 
shown in Table 4.4-1. The total mercury concentration of 3.09 ng/L is very close to the historical 
average of March samples, equal to 2.70 ng/L determined from the data collected from the 
decommissioned nearby H.J. Andrews Experimental Forest station (see Figure 4.4-1). Thus, the 
historical monthly averages from H.J. Andrews Experimental Forest were used as data inputs for wet 
deposition in the WARMF model of the Study area.  Also, for comparison purposes in the evaluation of 
the data, the precipitation concentration is less than the chronic surface water standard for protection 
of aquatic life, but it is higher than the water column guidance value of 0.92 ng/L established by the 
TMDL for the Coast Fork of the Willamette River watershed. Most other metals analyzed in the sample 
were less than the applicable laboratory detection level.  

4.4.2 Dry Atmospheric Deposition 
Limited data is available in the region for the concentration of mercury in air, which combined with a 
particle settling rate, gives the dry deposition flux to either surface water or watershed soils. The most 
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comprehensive data source for mercury air quality comes from the Atmospheric Mercury Network 
(AmNet). AmNet established a network of monitoring stations for the purpose of measuring 
atmospheric mercury fractions that contribute to dry and total mercury deposition. Sites collect 
concentrations of atmospheric mercury species from automated, continuous measuring systems. The 
closest sites to the BBM study are in Santa Cruz, CA and Salt Lake City, UT. These data are expected to 
be made available to the project team in the first quarter of 2014 and will be used to refine model 
inputs, if warranted.  

To move forward with modeling, dry deposition is not included in this assessment. Model diagnostics 
has shown that the air mercury concentration inputs have less than a 0.01% influence on the model 
output. As dry deposition data becomes available in the future, this information will be included in 
future model runs.  
 

4.5 Groundwater 
Thirteen monitoring wells were installed within the OU1 study area, and these wells were sampled in 
August 2013 and November 2013. Only the August 2013 data are presented in this data summary 
report, because the laboratory data from the November 2013 sampling event were not available at the 
time this report was prepared.  

This section presents the groundwater chemistry data collected in August 2013, and screens those 
data with respect to the Oregon Groundwater Quality Standards. Laboratory groundwater quality data 
are presented in Table 4.5-1 and field data are presented in Table 4.5-2. Samples were not collected 
from monitoring wells MW1, MW4, MW9 and MW10 in August 2013 because water yield in these 
wells was not sufficient to allow collection of samples.  

In general, groundwater mercury concentrations within the OU1 study area are lower than 
comparison criteria for most metals. Analytes exceeding the comparison criteria in at least one well 
are iron and manganese. Monitoring well MW3 slightly exceeded the iron comparison criteria, and all 
sampled wells with the exception of MW12 exceeded the manganese comparison criteria. The 
laboratory detection level was not low enough to assess the selenium criteria. Although all wells are 
shown as exceeding the selenium criteria on Table 4.5-1, it is unknown if these wells actually exceed 
the comparison criteria for selenium. All but one of the August 2012 samples contained mercury at 
concentrations lower than approximately 1 to 3 ng/L.  Monitoring well MW8 had the highest mercury 
concentration of 20.7 ng/L. MW8 is a shallow drive point well installed within an abandoned channel 
of Garoutte Creek and at the base of what appears to be a possible water course from the Old Furnace 
mining process water (see discussion in Section 3.5.2.1).  

Figure 4.5-1 is a piper diagram that evaluates major ion ratios of the groundwater samples to 
determine the groundwater type at each of the wells. Monitoring wells MW12, MW13, MW3, MW5, 
MW7 and MW8 all contained calcium-bicarbonate water. The background well, MW13 also contained 
calcium-bicarbonate water. The common occurrence of calcium bicarbonate water in most site wells 
indicates that the dominant groundwater type is calcium-bicarbonate water. Interestingly, two 
monitoring wells, MW2 and MW6 are calcium-sulfate waters. In these wells, sulfate has taken the 
place of bicarbonate as the dominant anion in the groundwater. Monitoring well MW6 is located in the 
Dennis Creek tributary downslope from the Main Tailings pile. Mercury tailings are sometimes 
referred to as “calcines” because of the addition of lime (CaO) or calcium carbonate (CaCO3) to the 
blend of ore and fuel that was processed within the furnace. The lime was added to manage sulfur 
through precipitation of gypsum (CaSO4·2H2O) (Rytuba 2002). Gypsum is a relatively soluble sulfate 
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mineral, which releases calcium and sulfate ions during dissolution by rainwater or snowmelt. 
Therefore, calcium-sulfate waters at MW6 are likely indicative of mining influenced water (MIW). The 
mercury concentration in MW6 was less than the laboratory detection level, so there are no 
indications that elevated mercury concentrations are associated with the MIW.  Calcium sulfate water 
was also found in monitoring well MW2, which is located along Garoutte Creek near the confluence of 
Dennis Creek with Garoutte Creek. The source of sulfate in this area is unknown, but it may be related 
to infiltration of Dennis Creek surface water into groundwater in the Garoutte Creek floodplain area as 
discussed in Section 3.5.3 

4.6 Groundwater-Surface Water Interactions 
Potential groundwater-surface water interactions were evaluated to assess possible adverse effects of 
groundwater discharging to surface water adding to the concentration of mercury and other 
constituents in Dennis, Furnace and Garoutte Creeks. This evaluation considers information regarding 
the hydrogeologic framework and water chemistry, and evaluation of potential attenuation and 
retardation of mercury by aquifer materials.   

4.6.1 Assessment of Water Chemistry in relation to the Hydrogeological 
Framework  
The August, 2013 surface water data are used for assessment of groundwater discharge to surface 
water rather than the March, 2013 storm event sampling data, because effects of groundwater 
discharge to streams would be most evident during the low-flow period of the year when perennial 
surface water discharge is dominated by baseflow (i.e. groundwater discharged to surface water).  

As discussed in Section 4.5, all but one of the August 2012 samples contained mercury at 
concentrations of approximately 1 to 3 ng/L.  Monitoring well MW8 had the only detectable mercury 
concentration of 20.7 ng/L. During the August, 2013 surface water sampling event, the filtered 
mercury concentration in surface water ranged from approximately 3 to 4 ng/L, with the highest 
mercury concentration measured at the  water supply surface water sampling site in upper 
Furnace Creek. Therefore, groundwater mercury concentrations are generally either lower than, or of 
similar magnitude to surface water mercury concentrations within the OU1 study area.  

In its upper reaches, Furnace Creek is a perennial stream from its headwaters to a point a few 
hundred feet downstream from the water supply intake (an August sample location – UFC1).  
This is based on that fact that this water supply is used year-round water for a residential supply and 
has never become dry. several hundred feet downstream from  water supply sampling location, 
Furnace Creek becomes intermittent to its discharge point at Garoutte Creek. Surface water at the 

 Water supply had the highest concentration of mercury measured in surface water during the 
August, 2013 sampling event at 12.6 ng/L. The presence of perennial flow in upper Furnace Creek 
suggests that upper Furnace Creek is fed by groundwater discharging to the surface.  In addition, as 
discussed in Section 3, the projection of the Black Butte Fault system extends to the upper Furnace 
Creek watershed in a location upstream from the  water supply intake. Potentially, the Black 
Butte fault is a conveyance for MIW to be transported from the mine area towards upper Furnace 
Creek. Although the data collected to date are limited to the August, 2013 sampling event, there is 
potential that mercury is being discharged from groundwater to surface water in the Upper Furnace 
Creek area and that this water may be MIW.  

Downstream from the  water supply sampling site, the Furnace Creek channel is filled within 
specific reaches by various unconsolidated materials. In the portion of the channel downstream from 
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the  water supply and upstream from the Furnace Creek tailings, portions of the channel are 
filled with heterogeneous unconsolidated materials that may have resulted from reported failure of a 
dam. Where these materials have been eroded to bedrock, Furnace Creek flows over the surface, and 
where these materials are filling the channel, Furnace Creek flows in the subsurface along the 
bedrock/fill interface. Tailings are present in the portion of the channel downstream from the Old 
Furnace, because the tailings were deposited directly within the creek channel during historic furnace 
operations. From this point to the flood plain of Garoutte Creek, Furnace Creek flows primarily in the 
subsurface through tailings and tailings-affected soils. These fill materials are truncated by an old 
road-cut just upstream from the Garoutte Creek flood plain, and groundwater has been observed to be 
discharging to surface water on an intermittent basis at that point. However, the presence of perennial 
flow in the upper portion of the channel coupled with intermittent flow at the base of the channel 
suggests that MIW is being transported by groundwater from Furnace Creek towards Garoutte Creek.  

Dennis Creek has a larger watershed than Furnace Creek and perennial flow is present in Dennis 
Creek at all locations that have been evaluated to date. There is no upstream surface water sampling 
point, so data are not available to assess water quality upstream of potential influence from the Main 
Tailings Area. As discussed in Section 4.5, groundwater at MW-6, which is located adjacent to Dennis 
Creek downslope from the Main Tailings pile is calcium sulfate water. This water is thought to be MIW 
generated by interaction of precipitation with calcine tailings.  Figure 4.6-1 is a Piper diagram that 
includes both the monitoring wells and surface water stations. As shown on the figure, surface water 
at the DC1 sampling location within Dennis Creek is also calcium sulfate water.  

Dennis Creek is likely a gaining stream in its upper reaches, and water would be expected to be 
discharging from groundwater to surface water throughout the year. The presence of calcium sulfate 
water in MW6, the presence of calcine tailings upslope from this monitoring well, and the presence of 
calcium sulfate water in Dennis Creek suggests that MIW generated by interaction of precipitation 
with tailings and/or tailings affected soils is being transported via groundwater towards Dennis 
Creek. Mercury concentrations at surface water sampling site DC1 in August, 2013 were 7.49 ng/L 
total and 3.23 ng/L filtered. Although these concentrations are relatively low, there is clearly a 
positive flux of mercury discharging from Dennis Creek, a groundwater-fed stream, towards Garoutte 
Creek year round. This is an important contrast to Furnace Creek, where surface water flow in the 
lower portion of the watershed has intermittent flow.  During the low-flow periods of the summer and 
fall, flow in Dennis Creek is likely dominated by base flow discharge from groundwater, and it is 
possible that groundwater is conveying mercury towards surface water in this area. Groundwater 
sampled at MW6 in August, 2013 contained 1.11 ng/L filtered mercury, which is lower than the 
surface water concentration measured in lower Dennis Creek during the same sampling event. 
Additional groundwater and surface water samples are necessary to provide a better dataset to 
understand temporal variations in surface water and groundwater quality, and the significance of 
potential groundwater surface water interactions in the Dennis Creek watershed on mercury and 
sulfate loading to Garoutte Creek.  

Five monitoring wells were installed within the Garoutte Creek flood plain.  These well are all installed 
in unconsolidated alluvial sediments deposited within the flood plain. Based on boring logs, the 
alluvial flood plain sediments range from gravelly sand and silt to silt and clay. This is characteristic of 
sediments that have been deposited within the flood plain of a mountain stream. The sediments likely 
contain channels of coarser materials located within finer grained materials, which were deposited as 
Garoutte Creek meandered across the flood plain over geologic time. This is important with respect to 
the hydrogeologic framework, because the channels of coarser-grained alluvial streams feeding the 
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larger flood plain of Garoutte Creek may serve as preferential flow paths for transport of MIW towards 
Garoutte Creek.  

Monitoring well MW8 was installed within a former creek channel to evaluate potential preferential 
flow through the associated channel sediments. The well is a very shallow and the water level was 
approximately 1-ft below the ground surface during well installation by drive point methods. During 
installation of the well, coarse cobbles and small boulders were observed, which are alluvial 
sediments deposited within the former creek bed. The filtered mercury concentration of MW-8 was 
20.7 ng/L in August, 2013, which is higher than concentrations in Garoutte Creek of 3.84 ng/L filtered 
and 3.84 ng/L total. Based on the groundwater contour map from August 2013 (Figure 3.5-1) 
groundwater generally flows from the Garoutte Creek Flood Plain towards Garoutte Creek. This 
indicates that groundwater is likely transporting MIW containing elevated mercury concentrations to 
Garoutte Creek, at least during some periods of the year. The significance of this discharge in relation 
to the overall mercury load in Garoutte Creek will be evaluated as additional surface water and 
groundwater data are collected.   

Mercury concentrations in groundwater samples collected from other monitoring wells in the 
Garoutte Creek floodplain were lower than MW8 during August, 2013, with filtered mercury 
concentrations of 1.68 ng/L, 2.11 ng/L and 3.41 ng/L at monitoring wells MW2, MW5 and MW7 
respectively. This illustrates that mercury concentrations in shallow groundwater within the Garoutte 
Creek flood plain are variable. This variability may be associated with the location of unknown 
mercury source materials and preferential groundwater flow pathways within heterogeneous zones of 
relatively higher permeability sediments associated with former channels of Garoutte Creek or 
tributaries to Garoutte Creek. 

4.6.2 Potential Attenuation and Retardation of Mercury by Aquifer Materials 
The SPLP data discussed in Section 4.1.2 indicate that leaching of mercury from soils may occur. 
However, the fate of mercury in the leachate is controlled by the natural attenuation capacity of the 
subsurface soils that interact with the leachate. This attenuation capacity can be accessed through 
estimation of partition coefficients between groundwater and soils in equilibrium with the 
groundwater. The mercury concentration in monitoring well water samples were compared with 
mercury concentrations for soils near the screened interval of the monitoring wells to estimate a 
partition coefficient between adsorbed and porewater mercury concentration, as follows: 

𝑘𝑑 =  
𝐶𝑠𝑜𝑖𝑙 �

𝑚𝑔
𝑘𝑔�

𝐶𝑝𝑜𝑟𝑒𝑤𝑎𝑡𝑒𝑟 �𝑚𝑔𝐿 �
 

Where: Kd = partition coefficient 

 Csoil = the mass of the solute on the solid phase per unit mass of solid phase 

 Cporewater = concentration of the solute in solution  

Table 4.6-1 presents the estimated partition coefficients for site soils adjacent to the screened 
intervals of the monitoring wells.  These partition coefficients are high relative to typical values found 
from other mercury studies, where a range of partition coefficients of 1.3x103 to 5.7x105 L/kg were 
estimated from several monitoring data (Lyon et. al., 2006). The relatively high partition coefficients 
observed at the OU1 study area may be related to the high clay fraction in the soils, because clays have 
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a high capacity to adsorb cations and anions due to a greater surface area for attraction and other 
factors.  

Adsorption of mercury by soils reduces the contaminant transport rate of mercury in groundwater. 
This process is termed retardation, which refers to relatively slower transport of a solute as compared 
to the bulk groundwater velocity. If the partition coefficient were exactly one, the transport rate of a 
solute would be the same as the groundwater velocity. With partition coefficients of greater than one, 
the solute is transported slower than the bulk groundwater flow as expressed by a factor termed the 
retardation factor. The retardation factor is calculated as follows (Freeze and Cherry 1979): 

�̅�
𝑣𝑐

= 1 +
𝜌𝑏
𝑛
∙ 𝑘𝑑 

Where:  �̅� = groundwater velocity 

 𝑣𝑐 = contaminant velocity 

 𝜌𝑏 = bulk mass density 

 𝑛 = porosity 

For typical soils, porosity ranges from 0.2 to 0.4 and the bulk mass density ranges from approximately 
4 to 10 grams per cubic centimeter (Freeze and Cherry 1997). In this case the equation above 
simplifies to: 

�̅�
�̅�𝑐

= (1 + 4𝑘𝑑) 𝑡𝑜 (1 + 10𝑘𝑑) 

The reciprocal of the retardation factor expresses the relative velocity of the solute with respect to the 
bulk groundwater velocity. The estimated mercury partition coefficient ranges from approximately 
1x105 to 1E+6 for soils in the OU1 study area. Assuming a partition coefficient of 1E+5 and the 
simplified expression shown above, the retardation factor would range from approximately 4E+5 to 
1E+6. Taking the reciprocal of this value to estimate the relatively velocity of dissolved mercury in 
relation to the groundwater velocity, the mercury would be expected to be transported at a rate that is 
400,000 to 1 million times slower than the bulk groundwater velocity. In this case, dissolved mercury 
would be expected to be essentially immobile in the groundwater system.  

Although this estimate of the partition coefficient is based on limited data, the conclusions presented 
above are supported by empirical evidence collected at MW6, which is located downslope from the 
Main Tailings Area. As discussed in Section 4.5, groundwater at MW6 exhibits elevated sulfate 
concentrations, which have produced a calcium sulfate type water rather than calcium bicarbonate 
water. However, mercury concentrations in groundwater at MW6 do not appear to be particularly 
elevated. This suggests that if significant mercury is leaching from tailings at the main tailings area, 
the mercury concentrations are being attenuated through interaction with site soils. Empirical data 
collected at MW11 also support this hypothesis, because the total mercury concentration was elevated 
in clay-rich soils underlying tailings in the Main Tailings area as discussed in Section 4.1.1. 

Thus, the soils in the OU1 study area may serve as a natural sink of mercury, reducing the potential 
impact of groundwater leaching to downstream waterbodies. However, mercury sorbed to watershed 
soils can be conveyed downstream by erosion. Lyons et. al. (2006) plotted relative portion of mercury 
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load as leached in subsurface runoff versus transported with eroded soils as a function of the partition 
coefficient. At partition coefficients greater than 1E+05, almost all downstream mercury loads were 
attributed to soil erosion.  Estimated partition coefficients for site soils suggest that mercury is 
predominantly transported in particulate forms. 
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Figure 4.1-1
Correlation of Laboratory Mercury 

Results



Figure 4.1-2
Relative Percent Difference of CLP’s 

Mercury Analysis (with outliers)
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Figure 4.1-3
Relative Percent Difference of CLP’s 
Mercury Analysis (without outliers)
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Figure 4.2-1
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Figure 4.2-2
Relationship Between Flow and 

Mercury Concentration
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Figure 4.2-3
General Species Composition for 
Total Mercury in Base-Flow and 

Storm-Flow Samples 



Figure 4.2-4
Relative Contribution to Downstream 
Loads from Subareas of the Garoutte 

Creek Watershed (including OU1) 



Figure 4.2-5
SUVA and DOC Levels During 

Storm Event #1



Figure 4.3-1
Sediment Mercury Concentrations in 

Garoutte Creek
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Figure 4.3-2
Sediment Methylmercury 

Concentrations in Garoutte Creek
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Figure 4.3-3
Sediment Mercury Concentrations in 

Dennis Creek
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Figure 4.3-4
Sediment Methylmercury 

Concentrations in Dennis Creek

0

0.5

1

1.5

2

2.5

3

3.5

UDC1* DC1 UDC1* DC1 UDC1* DC1

M
et
hy
lm

er
cu
ry
 C
on

ce
nt
ra
tio

n 
(m

g/
kg
)

Range Average

62‐64 µm 2 mm bulk

*: background



Figure 4.3-5
Sediment Mercury Concentrations in 

Furnace Creek
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Black Butte Mine Superfund Site
Figure 4.4-1
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Black Butte Mine Superfund Site Figure 4.5-1
Groundwater Piper
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Figure 4.6-1
Groundwater – Surface Water Piper
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Table 4.1-1. Monitoring Well Soil Results - TAL Metals

1 of 6

Well ID

Analyte Unit

Soil 
Compariso
n Criteria Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q

ALUMINUM mg/kg N/A 20600 19100 28700 38000 24900 28900 24600 J 29300 J 21.9 UJ 26400 J 17100 J 21400 J 18900
ANTIMONY mg/kg 0.67 1 J 1.5 UJ 0.98 UJ 1.1 UJ 0.99 UJ 1 UJ 0.91 UJ 1.1 UJ 1 UJ 0.98 UJ 3.6 J 2.8 J 2.7 J
ARSENIC mg/kg 19 29.1 33.4 46.9 51.1 49.1 44 30 J 33.5 J 33.2 J 30.6 J 44.7 J 38 J 35.2 J
BARIUM mg/kg 630 101 J 83 J 152 J 136 J 110 J 105 J 163 J 202 J 21.9 UJ 184 J 117 J 122 J 102
BERYLLIUM mg/kg 2.1 0.55 J 0.45 J 0.61 J 0.57 J 0.85 J 0.86 J 0.6 0.66 0.55 U 0.59 0.56 0.57 0.58
CADMIUM mg/kg 0.54 1.3 J 0.98 J 1.5 J 1.5 J 1.8 J 1.5 J 1 J 1.2 J 0.55 UJ 1.2 J 1.2 J 1.3 J 1.7 J
CALCIUM mg/kg N/A 3960 J 3480 J 2750 J 2700 J 5500 J 5080 J 10100 J 9230 J 549 UJ 10700 J 4850 J 5150 J 4740
CHROMIUM mg/kg 200 46.3 J 38.7 J 62 J 61.7 J 74.4 J 75.9 J 35.7 J 43.5 J 1.1 UJ 42 J 39.8 J 42.7 J 41.4 J
COBALT mg/kg N/A 23.6 J- 19.2 J- 20.5 J- 19.3 J- 35.7 J- 27.1 J- 22.6 33.5 5.5 U 27.3 24.6 24.7 23.8
COPPER mg/kg 73 62.9 J 54.8 J 105 J 99.2 J 88 J 89.5 J 116 J 146 J 2.7 UJ 129 J 62.1 J 67.4 J 65.8 J
IRON mg/kg N/A 60800 53700 76900 81600 83700 76000 47700 59400 11 U 51500 50600 56200 74200
LEAD mg/kg 34 8.5 J- 6.8 J- 8.2 J- 7.4 J- 8.2 J- 7.7 J- 3.3 4 1.1 U 3.7 5.2 5.6 4.7
MAGNESIUMmg/kg N/A 1760 J 1320 J 1800 J 1620 J 2280 J 2100 J 4030 J 4450 J 549 UJ 4360 J 3550 J 4120 J 5250
MANGANES mg/kg 2100 1350 J 1150 J 449 J 375 J 833 J 593 J 990 J 1820 J 1.6 UJ 1430 J 1100 J 1020 J 829
MERCURY mg/kg 0.24 4.7 5.5 5.5 0.85 0.19 0.14 U 0.1 U 0.13 U 0.13 U 0.11 U 7.5 18.7 0.53
NICKEL mg/kg 110 12.5 J 10 J 31.4 J 35.1 J 23 J 24.7 J 37.6 53.3 4.4 U 48 24.5 24.2 20
POTASSIUM mg/kg N/A 389 J 307 J 203 J 182 J 219 J 179 J 330 J 345 J 549 U 351 J 771 283 J 220 J
SELENIUM mg/kg 0.52 1.9 U 7.4 U 2.4 U 2.6 U 2.5 U 2.6 U 2.3 UJ 2.7 UJ 2.6 UJ 2.4 UJ 2.2 UJ 2.4 UJ 4.5 U
SILVER mg/kg 0.17 0.38 U 0.74 U 0.49 U 0.53 U 0.5 U 0.52 U 0.45 U 0.55 U 0.51 U 0.49 U 0.43 U 0.49 U 0.45 U
SODIUM mg/kg N/A 220 J 180 J 196 J 247 J 277 J 260 J 269 J 254 J 55.8 J 286 J 197 J 280 J 370 J
THALLIUM mg/kg 2.8 0.38 U 0.74 U 0.49 U 0.53 U 0.5 U 0.52 U 0.45 U 0.55 U 0.51 U 0.49 U 0.43 U 0.49 U 0.45 U
VANADIUM mg/kg 280 130 J 115 J 179 J 177 J 181 J 182 J 65.5 J 85.1 J 5.5 UJ 77 J 110 J 126 J 159
ZINC mg/kg 170 56.7 J 50.8 J 75.5 J 73.3 J 68.7 J 63.8 J 38.2 J 85 J 6.6 UJ 43.1 J 69.4 J 79.9 J 83.6 J
* Notes :

- ft: foot
- mg/kg: milligram per kilogram
- T: total
- U: not detected
- Highlighted cells reflect values

      that are greater than the
      Comparison level value

0 2.5 2.5 5 5 7.5 7.5
MW-1 MW-1 MW-1 MW-1 MW-1 MW-1 MW-1 MW-1 MW-1 MW-2 MW-2 MW-2

6/25/2013
MW-1

0

6/25/2013 6/25/2013

T T T T T
0 2.5 4.5

6/20/2013 6/20/2013 6/20/2013

0613BBM-MW-
2-SO-004.5-S

Sample

Sample_Date

Sample depth (ft)

0613BBM-MW-
1-SO-000-DS

0613BBM-MW-
1-SO-000-U

0613BBM-MW-
1-SO-002.5-DS

0613BBM-MW-
1-SO-002.5-U

0613BBM-MW-
1-SO-005-DS

0613BBM-MW-
1-SO-005-U

0613BBM-MW-
1-SO-007.5-DS

0613BBM-MW-
1-SO-007.5-U

6/25/2013 6/25/2013 6/25/2013

Total/Dissolved

0613BBM-MW-
1-SO-010-S

0613BBM-MW-
1-SO-307.5-DS

6/25/2013 6/25/2013

10 307.5

0613BBM-MW-
2-SO-000-DS

0613BBM-MW-
2-SO-002.5-S

T

6/25/2013 6/25/2013

T T T T T T T
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Well ID

Analyte Unit

Soil 
Compariso
n Criteria

ALUMINUM mg/kg N/A
ANTIMONY mg/kg 0.67
ARSENIC mg/kg 19
BARIUM mg/kg 630
BERYLLIUM mg/kg 2.1
CADMIUM mg/kg 0.54
CALCIUM mg/kg N/A
CHROMIUM mg/kg 200
COBALT mg/kg N/A
COPPER mg/kg 73
IRON mg/kg N/A
LEAD mg/kg 34
MAGNESIUMmg/kg N/A
MANGANES mg/kg 2100
MERCURY mg/kg 0.24
NICKEL mg/kg 110
POTASSIUM mg/kg N/A
SELENIUM mg/kg 0.52
SILVER mg/kg 0.17
SODIUM mg/kg N/A
THALLIUM mg/kg 2.8
VANADIUM mg/kg 280
ZINC mg/kg 170
* Notes :
   - ft: foot
   - mg/kg: milligram per kilogram
   - T: total
   - U: not detected
   - Highlighted cells reflect values 
      that are greater than the
      Comparison level value

Sample

Sample_Date

Sample depth (ft)
Total/Dissolved

Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q
17100 J 22500 J 20100 J 18300 J 20300 J 19400 J 24500 J 25400 J 32500 J 7070 J 21000 J 22600 J 28200 J

4.8 J 5.8 J 4.2 J 4.8 J 0.9 UJ 1 UJ 1.2 J 1.2 UJ 1.2 UJ 0.93 UJ 1.4 J- 1.4 J- 1.4 J-
104 J 87.2 J 51 J 66.9 J 74.3 J 9.2 J 19.5 J 21.1 J 30.2 J 14.5 J 25.2 J 25.5 J 29.9 J
120 J 123 J 121 J 124 J 114 J 67.7 J 150 J 156 J 146 J 45 J 170 J 181 J 150 J

0.53 0.6 0.61 0.75 0.63 0.71 0.64 0.68 0.87 0.73 0.9 0.89 0.92
1 J 1.2 J 1.2 J 1.3 J 2.2 J 1.1 J 1.1 J 1.1 J 1.5 J 0.42 UJ 0.81 J 1 J 1.1 J

4750 J 3820 J 4260 J 4430 J 9850 J 11600 J 6510 J 6510 J 5870 J 7760 J 3080 J 3440 J 3160 J
37 J 44.8 J 45.5 J 41.6 J 4.4 J 4.9 J 36.6 J 36.3 J 36 J 1.6 J 36.8 J 40.6 J 46.2 J

23.6 25.8 26.3 28.3 40.2 18.8 22.4 23.6 39.7 5.7 30.8 30 53.4
62.8 J 69.6 J 63.3 J 63.1 J 2.3 UJ 4.9 J 66.6 J 70.9 J 68.1 J 34.8 J 43.8 J 46.8 J 68.1 J

48100 56600 57000 58900 95700 50200 52600 54600 71100 12900 44800 J 47500 J 61900 J
6.2 6.1 4.8 5.4 3.8 2.7 7.8 8.1 6 5.5 9.9 10.6 7.6

2440 J 2620 J 3970 J 3450 J 3390 J 3980 J 4880 J 5010 J 5470 J 1650 J 2140 J 2300 J 2720 J
1320 J 1460 J 1400 J 1510 J 1840 J 667 J 1250 J 1350 J 2850 J 612 J 1690 J 1620 J 1080 J

8.1 12.9 1 4 0.12 U 0.12 U 3.7 3.9 0.33 0.03 J 3.4 4 1.9
22 26.2 28.6 25.4 8 5.9 17.6 18.1 18.3 3.8 13.9 14.1 13

586 312 J 179 J 274 J 185 J 196 J 904 903 208 J 317 J 357 J 501 J 149 J
1.9 UJ 2.6 UJ 2.5 UJ 2.1 UJ 2.3 UJ 2.5 UJ 2.7 UJ 3.1 UJ 2.9 UJ 0.14 J- 2.8 UJ 3 UJ 2.5 UJ

0.37 U 0.51 U 0.49 U 0.43 U 0.45 U 0.5 U 0.53 U 0.62 U 0.59 U 0.47 U 0.56 U 0.6 U 0.51 U
173 J 198 J 319 J 309 J 365 J 291 J 357 J 259 J 390 J 270 J 142 J 127 J 152 J

0.37 U 0.51 U 0.49 U 0.43 U 0.45 U 0.5 U 0.53 U 0.62 U 0.59 U 0.47 U 0.56 U 0.6 U 0.51 U
100 J 127 J 123 J 115 J 72.7 J 60.4 J 120 J 125 J 134 J 12.9 J 107 J 115 J 131 J

71.4 J 74.8 J 81.6 J 73.1 J 60.3 J 54.3 J 92.8 J 92.5 J 72 J 39.7 J 80.6 J 81.6 J 56 J

MW-4 MW-5 MW-5 MW-5MW-3 MW-3 MW-3 MW-3 MW-3 MW-3 MW-4 MW-4 MW-4

T T T T T TT T T T T TT
7.5 17.5 20 0 0 5 14 0 00 2.5 5

6/20/2013 6/20/2013 6/20/2013 6/24/2013 6/24/2013 6/24/2013 6/24/2013 6/24/2013 6/24/20136/20/2013 6/20/2013 6/20/2013

0613BBM-MW-
3-SO-007.5-DS

0613BBM-MW-
3-SO-017.5-U

0613BBM-MW-
3-SO-020-U

0613BBM-MW-
4-SO-000-DS

0613BBM-MW-
4-SO-000-U

0613BBM-MW-
4-SO-005-U

0613BBM-MW-
4-SO-014-S

0613BBM-MW-
5-SO-000-DS

0613BBM-MW-
5-SO-000-U

0613BBM-MW-
3-SO-000-DS

0613BBM-MW-
3-SO-002.5-S

0613BBM-MW-
3-SO-005-S

0613BBM-MW-
5-SO-002.5-U

6/24/2013

2.5
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Well ID

Analyte Unit

Soil 
Compariso
n Criteria

ALUMINUM mg/kg N/A
ANTIMONY mg/kg 0.67
ARSENIC mg/kg 19
BARIUM mg/kg 630
BERYLLIUM mg/kg 2.1
CADMIUM mg/kg 0.54
CALCIUM mg/kg N/A
CHROMIUM mg/kg 200
COBALT mg/kg N/A
COPPER mg/kg 73
IRON mg/kg N/A
LEAD mg/kg 34
MAGNESIUMmg/kg N/A
MANGANES mg/kg 2100
MERCURY mg/kg 0.24
NICKEL mg/kg 110
POTASSIUM mg/kg N/A
SELENIUM mg/kg 0.52
SILVER mg/kg 0.17
SODIUM mg/kg N/A
THALLIUM mg/kg 2.8
VANADIUM mg/kg 280
ZINC mg/kg 170
* Notes :
   - ft: foot
   - mg/kg: milligram per kilogram
   - T: total
   - U: not detected
   - Highlighted cells reflect values 
      that are greater than the
      Comparison level value

Sample

Sample_Date

Sample depth (ft)
Total/Dissolved

Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q
28200 J 23500 J 16800 J 21300 J 20400 J 52600 J 60700 J 16100 J 51400 J 63700 J 14000 J 18800 J 20300 J

1.3 J- 1.4 J- 2.3 J- 1.6 J- 1.6 J- 37.8 J- 49.5 J 6.7 J 35.7 J- 46.8 J 4.5 J- 5.5 J- 6.7 J-
19.4 J 46.7 J 37.4 J 28.1 J 25.8 J 301 J 318 J 55.7 J 314 J 345 J 51.9 J 26.9 J 24.4 J
123 J 113 J 96.6 J 121 J 170 J 26.1 J 25.1 J 116 J 24.6 J 26.8 J 112 J 137 J 140 J
0.6 1.1 0.52 0.62 0.87 0.65 0.69 0.62 0.6 J 0.72 0.62 0.63 0.63

0.98 J 2 J 1.1 J 1.2 J 0.8 J 1.2 J 1.1 J 1.5 J 1.1 J 1.2 J 1.4 J 1.2 J 1 J
2560 J 2910 J 3410 J 4000 J 3050 J 3440 J 727 J 2700 J 3270 J 761 J 2440 J 1290 J 1380 J
29.3 J 28.2 J 26.3 J 35.8 J 35.9 J 81.5 J 79.3 J 29.6 J 78.2 J 80.6 J 28.8 J 27.9 J 25.2 J
29.1 55.2 20.3 25.2 29.9 17.3 19.7 89.5 15.9 19.9 78.3 31.3 28.2
69.6 J 114 J 54.1 J 76.2 J 44.4 J 92.7 J 128 J 126 J 89.9 J 130 J 134 J 68.2 J 68.9 J

53100 J 103000 J 51600 J 50300 J 44900 J 64200 J 67000 57600 59600 J 71200 42100 J 54400 J 52800 J
6.1 6.9 4.2 6.1 9.6 11.6 10.5 5.6 10.4 11.2 5.3 8.6 9.3

4460 J 3150 J 5380 J 4310 J 2140 J 908 J 469 J 2860 J 848 J 456 J 2690 J 1370 J 1590 J
628 J 1340 J 394 J 732 J 1700 J 921 J 557 J 2350 J 885 J 539 J 2260 J 1280 J 1450 J
1.3 0.73 1.4 0.9 3.3 2.6 3.3 2.7 2.7 3.7 2.5 77.5 15.1

17.4 14.1 16.5 14.9 12.6 32.7 31.7 33.1 30.5 32.1 28.7 13.3 13.7
100 J 112 J 188 J 509 U 371 J 625 U 38.5 J 133 J 596 U 34.4 J 401 U 393 U 473 U
2.7 UJ 2.8 UJ 2.5 UJ 2.5 UJ 2.6 UJ 3.2 UJ 2.5 UJ 2.2 UJ 2.8 UJ 2.1 UJ 0.15 J- 1.8 UJ 2.4 UJ

0.54 U 0.55 U 0.5 U 0.5 U 0.52 U 0.64 U 0.49 U 0.43 U 0.56 U 0.42 U 0.38 U 0.36 U 0.48 U
187 J 185 J 256 J 253 J 126 J 228 J 303 J 328 J 205 J 328 J 247 J 113 J 124 J

0.54 U 0.55 U 0.5 U 0.5 U 0.52 U 0.64 U 0.63 0.43 U 0.59 0.61 0.38 U 0.36 U 0.48 U
121 J 104 J 80.8 J 112 J 109 J 106 J 114 J 95.7 J 100 J 117 J 86.3 J 159 J 157 J

55.5 J 73.8 J 58 J 64.6 J 74.7 J 94 J 46.2 J 79.1 J 86.9 J 47.9 J 75.7 J 73.5 J 77.8 J

MW-5 MW-5 MW-6 MW-6 MW-6 MW-7

T T T

MW-7MW-5 MW-5 MW-5 MW-6 MW-6 MW-6

T T T TT T T T T T
300 302.5 305 0 010 12.57.5 300 0 2.5 5

6/22/2013 6/22/2013 6/22/2013 6/24/2013 6/24/20136/24/2013 6/24/20136/24/2013 6/24/2013 6/22/2013 6/22/2013 6/22/2013

0613BBM-MW-
6-SO-300-S

0613BBM-MW-
6-SO-302.5-S

0613BBM-MW-
6-SO-305-S

0613BBM-MW-
7-SO-000-DS

0613BBM-MW-
7-SO-000-U

0613BBM-MW-
5-SO-010-U

0613BBM-MW-
5-SO-012.5-U

0613BBM-MW-
5-SO-007.5-U

0613BBM-MW-
5-SO-300-DS

0613BBM-MW-
6-SO-000-S

0613BBM-MW-
6-SO-002.5-S

0613BBM-MW-
6-SO-005-S

0613BBM-MW-
5-SO-005-U

6/24/2013

5



Table 4.1-1. Monitoring Well Soil Results - TAL Metals

4 of 6

Well ID

Analyte Unit

Soil 
Compariso
n Criteria

ALUMINUM mg/kg N/A
ANTIMONY mg/kg 0.67
ARSENIC mg/kg 19
BARIUM mg/kg 630
BERYLLIUM mg/kg 2.1
CADMIUM mg/kg 0.54
CALCIUM mg/kg N/A
CHROMIUM mg/kg 200
COBALT mg/kg N/A
COPPER mg/kg 73
IRON mg/kg N/A
LEAD mg/kg 34
MAGNESIUMmg/kg N/A
MANGANES mg/kg 2100
MERCURY mg/kg 0.24
NICKEL mg/kg 110
POTASSIUM mg/kg N/A
SELENIUM mg/kg 0.52
SILVER mg/kg 0.17
SODIUM mg/kg N/A
THALLIUM mg/kg 2.8
VANADIUM mg/kg 280
ZINC mg/kg 170
* Notes :
   - ft: foot
   - mg/kg: milligram per kilogram
   - T: total
   - U: not detected
   - Highlighted cells reflect values 
      that are greater than the
      Comparison level value

Sample

Sample_Date

Sample depth (ft)
Total/Dissolved

Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q
19800 J 19000 J 17600 J 21900 J 32800 31900 J 36800 43900 29400 30200 28400 18800 J 15600 J

5.6 J- 5.1 J- 8.2 J- 6.8 J- 3.5 J 3.8 J- 4.1 J 4.7 J 4.5 J 5 J 5 J 6.9 J- 8 J-
21.7 J 20.4 J 25.6 J 24.1 J 26.3 J 39.4 J 28.1 J 22.4 J 28.2 J 35 J 43 J 32.7 J 25.3 J
67.7 J 70.1 J 58.4 J 66.1 J 148 174 J 154 153 150 253 203 155 J 56.7 J

0.6 0.5 J 0.63 0.64 1.1 1.2 1.2 0.98 0.97 1.2 1.1 0.66 0.65
1.7 J 1 J 1.3 J 1.1 J 1.7 J 1.4 J 1.7 J 1.7 J 1.3 J 1.5 J 1.9 J 1.1 J 1.4 J

1410 J 1530 J 1060 J 1160 J 3990 3980 J 4210 3280 3780 3840 4600 1280 J 1040 J
22.6 J 19.5 J 28.2 J 21.9 J 31.2 J 25.1 J 33.5 J 30.8 J 34.4 J 34.6 J 33.4 J 27.2 J 31.5 J
30.6 25.3 30.9 23.2 29.6 47.2 41.4 34.3 25.6 39.5 32.4 32 34
100 J 93.3 J 98.8 J 97.4 J 95.7 J 111 J 106 J 108 J 95.8 J 120 J 107 J 70.8 J 97.1 J

51300 J 50300 J 51000 J 47600 J 68500 57300 J 72300 78200 59600 68500 76700 52200 J 51100 J
8.8 7.8 7.6 8.1 7 7.7 7.6 8.7 5.3 5.7 6.5 8.6 7.7

1720 J 1650 J 1430 J 1780 J 4590 4740 J 4550 4920 4350 4430 4460 1380 J 1220 J
679 J 666 J 707 J 559 J 1170 2390 J 1620 967 1060 1430 1400 1390 J 754 J
2.5 1.1 4.1 3.9 2.4 2.6 2 1.5 2.5 1.7 2.5 90.7 3.3

12.2 9.6 11.5 11.7 19.1 18.7 21.1 26.9 21.1 23.6 25.5 12.9 10.8
376 U 538 U 414 U 544 U 262 J 549 U 272 J 259 J 245 J 370 J 326 J 403 U 399 U

2 UJ 2.3 UJ 2.1 UJ 2.5 UJ 1.9 U 2.8 UJ 1.9 U 2.8 U 2.5 U 2.9 U 2.1 U 2 UJ 2 UJ
0.39 U 0.46 U 0.41 U 0.5 U 0.39 U 0.56 U 0.38 U 0.56 U 0.49 U 0.58 U 0.42 U 0.4 U 0.41 U
129 J 125 J 106 J 141 J 165 J 209 J 182 J 154 J 315 J 342 J 390 J 95.6 J 126 J

0.39 U 0.46 U 0.41 U 0.5 U 0.39 U 0.56 U 0.38 U 0.56 U 0.49 U 0.58 U 0.42 U 0.4 U 0.41 U
149 J 154 J 149 J 148 J 145 154 J 172 179 147 157 147 156 J 155 J

40 J 35.6 J 41.4 J 38.4 J 69.5 J 69.3 J 74.9 J 87.2 J 78.2 J 85.8 J 88.5 J 72.4 J 41.4 J

MW-7 MW-7 MW-7 MW-7 MW-7

T T

MW-7 MW-7 MW-7 MW-7 MW-7 MW-7 MW-7MW-7

T TT T TTT T T T T
3052.5 5 5 7.5 7.5 10 10 12.5 152.5 25 300

6/24/20136/24/2013 6/24/2013 6/24/2013 6/24/2013 6/24/2013 6/24/2013 6/24/2013 6/24/2013 6/24/20136/24/2013 6/24/2013 6/24/2013

0613BBM-MW-
7-SO-305-DS

0613BBM-MW-
7-SO-002.5-U

0613BBM-MW-
7-SO-005-DS

0613BBM-MW-
7-SO-005-U

0613BBM-MW-
7-SO-007.5-DS

0613BBM-MW-
7-SO-007.5-U

0613BBM-MW-
7-SO-010-DS

0613BBM-MW-
7-SO-010-U

0613BBM-MW-
7-SO-012.5-U

0613BBM-MW-
7-SO-015-U

0613BBM-MW-
7-SO-002.5-DS

0613BBM-MW-
7-SO-025-DS

0613BBM-MW-
7-SO-300-U
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Well ID

Analyte Unit

Soil 
Compariso
n Criteria

ALUMINUM mg/kg N/A
ANTIMONY mg/kg 0.67
ARSENIC mg/kg 19
BARIUM mg/kg 630
BERYLLIUM mg/kg 2.1
CADMIUM mg/kg 0.54
CALCIUM mg/kg N/A
CHROMIUM mg/kg 200
COBALT mg/kg N/A
COPPER mg/kg 73
IRON mg/kg N/A
LEAD mg/kg 34
MAGNESIUMmg/kg N/A
MANGANES mg/kg 2100
MERCURY mg/kg 0.24
NICKEL mg/kg 110
POTASSIUM mg/kg N/A
SELENIUM mg/kg 0.52
SILVER mg/kg 0.17
SODIUM mg/kg N/A
THALLIUM mg/kg 2.8
VANADIUM mg/kg 280
ZINC mg/kg 170
* Notes :
   - ft: foot
   - mg/kg: milligram per kilogram
   - T: total
   - U: not detected
   - Highlighted cells reflect values 
      that are greater than the
      Comparison level value

Sample

Sample_Date

Sample depth (ft)
Total/Dissolved

Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q
49000 56400 55800 20100 J 17100 24100 44800 47200 27100 25800 25500 21700 23400

2.8 J 5.8 J 3.4 J 7.3 J 14.4 J 6.1 J 17.3 J 55.8 J 53.1 J 2.8 J 49.1 J 0.94 UJ 2.3 J
15.5 J 12.3 J 15.5 J 26.2 J 25 J 20.8 J 101 J 246 J 195 J 20.3 J 182 J 6.2 J 19.1
217 207 204 39.9 J 72.9 116 93.4 9.6 J 12.4 J 60.1 17.7 J 88.4 142 J

0.75 0.77 0.64 0.39 J 0.63 0.85 0.72 0.84 0.62 0.37 J 0.62 0.62 0.75 J
1.3 J 1.4 J 1.5 J 0.62 J 0.75 J 1.1 J 1.4 J 1.9 J 1.4 J 0.71 J 1.5 J 0.82 J 1 J

3230 2300 3200 2700 J 2780 3410 1360 840 684 806 723 2200 3190 J
27.1 J 27.7 J 27.4 J 9.6 J 23.7 J 21.4 J 81.3 J 98 J 77.5 J 36 J 72.6 J 29.1 J 34.2 J
28.2 30.8 29.4 11 13.1 116 32.3 21.3 20.5 9.1 20.8 17.8 35 J-
113 J 127 J 115 J 50 J 72.3 J 84.8 J 121 J 103 J 105 J 64.8 J 100 J 49.8 J 69.9 J

60600 67400 66200 25500 39200 47100 68700 92400 73200 34700 71700 28500 49400
9.3 9.9 9.3 5.3 6 7 8.2 9.8 7.4 6.9 7.3 4.1 6.4 J-

11100 14800 10900 1720 J 1040 1160 6220 530 608 1530 622 2370 2420 J
1020 1020 992 304 J 250 1490 1220 643 723 294 718 310 1230 J
32.6 16.4 11.5 24.1 4.6 8.9 2.5 9.2 39.8 1.4 20.4 0.5 7
31.7 35.3 33.9 8.4 8.8 14.2 44.4 31.3 24.4 14.3 21.5 18.5 18.6 J
673 374 J 407 J 296 J 131 J 114 J 458 J 394 U 476 U 70.2 J 26.8 J 270 J 349 J
2.7 U 3 U 2.9 U 2.8 UJ 2.2 U 4.7 U 5.8 U 2.4 U 2.2 U 2.5 U 2.3 U 2.4 U 5.1 U

0.55 U 0.59 U 0.58 U 0.56 U 0.43 U 0.47 U 0.58 U 0.48 U 0.44 U 0.5 U 0.45 U 0.47 U 0.51 U
248 J 226 J 500 J 308 J 123 J 128 J 148 J 198 J 120 J 114 J 134 J 115 J 150 J

0.55 U 0.59 U 0.58 U 0.56 U 0.43 U 0.47 U 0.58 U 0.48 U 0.44 U 0.5 U 0.45 U 0.47 U 0.51 U
146 154 154 62.2 J 131 119 126 138 110 118 99.6 71.9 93.6 J

81.1 J 80.9 J 77.8 J 31.9 J 30 J 40.8 J 72.6 J 67.5 J 59.7 J 47.9 J 59 J 54.7 J 67.4 J

TT T T T T T
10 12.5 15 200 5 7.5 10 12.5 150 3 7.5

T T T T T T

MW-11MW-11 MW-11 MW-11 MW-11 MW-11 MW-11MW-10 MW-10 MW-10 MW-10 MW-10 MW-10
6/21/2013 6/21/2013 6/21/2013 6/21/2013 6/21/20136/22/2013 6/22/2013

0613BBM-MW-
11-SO-020-U

0613BBM-MW-
11-SO-000-S

0613BBM-MW-
11-SO-005-S

0613BBM-MW-
11-SO-007.5-S

0613BBM-MW-
11-SO-010-U

0613BBM-MW-
11-SO-012.5-U

0613BBM-MW-
11-SO-015-U

0613BBM-MW-
10-SO-000-DS

0613BBM-MW-
10-SO-003-S

0613BBM-MW-
10-SO-007.5-S

0613BBM-MW-
10-SO-010-DS

0613BBM-MW-
10-SO-012.5-U

0613BBM-MW-
10-SO-015-U

6/22/2013 6/22/2013 6/22/2013 6/22/2013 6/21/2013 6/21/2013
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Well ID

Analyte Unit

Soil 
Compariso
n Criteria

ALUMINUM mg/kg N/A
ANTIMONY mg/kg 0.67
ARSENIC mg/kg 19
BARIUM mg/kg 630
BERYLLIUM mg/kg 2.1
CADMIUM mg/kg 0.54
CALCIUM mg/kg N/A
CHROMIUM mg/kg 200
COBALT mg/kg N/A
COPPER mg/kg 73
IRON mg/kg N/A
LEAD mg/kg 34
MAGNESIUMmg/kg N/A
MANGANES mg/kg 2100
MERCURY mg/kg 0.24
NICKEL mg/kg 110
POTASSIUM mg/kg N/A
SELENIUM mg/kg 0.52
SILVER mg/kg 0.17
SODIUM mg/kg N/A
THALLIUM mg/kg 2.8
VANADIUM mg/kg 280
ZINC mg/kg 170
* Notes :
   - ft: foot
   - mg/kg: milligram per kilogram
   - T: total
   - U: not detected
   - Highlighted cells reflect values 
      that are greater than the
      Comparison level value

Sample

Sample_Date

Sample depth (ft)
Total/Dissolved

Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q
24500 23100 19900 19400 20300 23100 27900 27100 26400 35700 30900 28000 35300 19500

4.1 J 1.3 UJ 0.95 UJ 0.95 UJ 1.1 UJ 1.1 UJ 1.1 UJ 1 UJ 1 UJ 2.8 J 8.6 J 1.6 J 1.3 J 0.92 UJ
38.3 J 17.5 J 12.8 14.3 7.4 20.1 8.6 12.1 8.7 20.5 28.7 18.4 20.5 25.5
201 210 200 J 176 J 143 J 113 J 114 J 222 J 94.8 J 114 J 104 J 107 J 96.7 J 107 J

0.71 0.66 0.62 J 0.58 J 0.63 J 0.45 J 0.4 J 1.4 J 0.38 J 0.44 J 0.35 J 0.55 J 0.47 J 0.65 J
1.4 J 1.2 J 1.1 J 1.1 J 1.3 J 1.1 J 0.63 J 0.88 J 1.1 J 1.3 J 1 J 1.3 J 1.2 J 1.7 J

5040 5220 5280 J 5240 J 5270 J 4120 J 4960 J 6030 J 5690 J 7550 J 7040 J 7050 J 6210 J 5910 J
50 J 34.4 J 32.5 J 32 J 36.8 J 40.2 J 19.1 J 27.2 J 29.2 J 39.5 J 38.2 J 33.6 J 37.8 J 36.4 J

24.1 19.5 17.4 J- 23.4 J- 17.4 J- 10.7 J- 8.4 J- 26.6 J- 9.4 J- 27.3 J- 22.8 J- 32.7 J- 27.4 J- 27.8 J-
81.3 J 67.3 J 66.7 J 70.4 J 37.3 J 51.4 J 35.2 J 53.8 J 39.8 J 75.6 J 69.2 J 85 J 68.7 J 50.9 J

57000 52500 49600 50400 62800 50300 34900 32100 55400 50700 46200 52300 51900 67300
7.2 5.7 5.4 J- 5.1 J- 6.2 J- 7.5 J- 5.6 J- 4.1 J- 5.5 J- 11.3 J- 10.4 J- 7.3 J- 5.7 J- 5.4 J-

2880 2640 2430 J 2450 J 2860 J 2010 J 1980 J 2400 J 1790 J 12100 J 11300 J 11300 J 12600 J 4410 J
565 369 300 J 321 J 1410 J 387 J 270 J 2440 J 473 J 1150 J 1040 J 1580 J 1210 J 1630 J
5.7 0.019 J 0.02 J 0.018 J 0.13 U 0.038 J 0.13 U 0.12 U 0.13 U 0.47 0.89 0.76 0.14 0.047 J

21.5 17.6 15.1 J 16.9 J 11 J 14.6 J 9.7 J 21.3 J 7.9 J 35.7 J 30.6 J 32.6 J 34.8 J 13.5 J
405 J 430 J 411 J 345 J 311 J 296 J 258 J 513 J 359 J 849 771 300 J 215 J 83.9 J
5.8 U 6.4 U 4.7 U 0.19 J 5.5 U 5.4 U 5.5 U 5.2 U 2.5 U 2.4 U 6.7 U 2 U 2.8 U 2.3 U

0.58 U 0.64 U 0.47 U 0.48 U 0.55 U 0.54 U 0.55 U 0.52 U 0.5 U 0.49 U 0.67 U 0.41 U 0.57 U 0.46 U
245 J 210 J 211 J 321 J 527 J 575 727 1210 866 563 545 J 448 J 342 J 201 J

0.58 U 0.64 U 0.47 U 0.48 U 0.55 U 0.54 U 0.55 U 0.52 U 0.5 U 0.49 U 0.67 U 0.41 U 0.57 U 0.46 U
109 88.1 82.7 J 76.4 J 101 J 106 J 36.7 J 75.3 J 68.6 J 149 J 142 J 137 J 148 J 138 J

66.6 J 59.2 J 56.6 J 50.8 J 60.5 J 46.8 J 36.9 J 64.6 J 34.2 J 88.8 J 89.2 J 77.1 J 76.8 J 65.4 J

T T TT T T T T TT T T T T
2.5 2.5 560 70 0 050 5521.5 23 27.5 30 40

MW-13 MW-13 MW-13MW-11 MW-11 MW-11 MW-11 MW-13 MW-13MW-11 MW-11 MW-11 MW-11 MW-11
6/25/20136/21/2013 6/21/2013 6/25/2013 6/25/2013 6/25/2013 6/25/20136/21/2013 6/21/2013 6/21/2013 6/21/20136/21/2013 6/21/2013 6/21/2013

0613BBM-MW-
13-SO-002.5-S

0613BBM-MW-
13-SO-002.5-U

0613BBM-MW-
13-SO-005-S

0613BBM-MW-
11-SO-050-U

0613BBM-MW-
11-SO-055-U

0613BBM-MW-
11-SO-060-U

0613BBM-MW-
11-SO-070-U

0613BBM-MW-
13-SO-000-DS

0613BBM-MW-
13-SO-000-U

0613BBM-MW-
11-SO-021.5-U

0613BBM-MW-
11-SO-023-U

0613BBM-MW-
11-SO-027.5-U

0613BBM-MW-
11-SO-030-U

0613BBM-MW-
11-SO-040-U
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Table 4.1-2 Monitoring Well Soil Results - SPLP Data

Well ID

Analyte Unit
Comparison 

Level
Result Q Result Q Result Q Result Q Result Q Result Q Result Q

ALUMINUM µg/L 87 11000 J 1400 J 32 J 5800 J 2900 J 660 J 100 J
ANTIMONY µg/L 1600 0.2 U 0.26 6.94 0.66 0.2 U 0.2 U 0.93
ARSENIC µg/L 150 2.8 J 2.2 J 2.3 J 2.8 J 0.8 J 0.24 J 3.5 J
BARIUM µg/L 240 J 150 J 170 J 380 J 150 J 150 J 180 J
BERYLLIUM µg/L 5.3 1 U 1 U 1 U 1 U 1 U 1 U 1 U
CADMIUM µg/L 0.25 0.01 U 0.01 U 0.1 0.032 0.01 U 0.01 U 0.33
CALCIUM µg/L 801 169 3590 2120 602 405 6850
CHROMIUM µg/L 74 5.11 1.4 0.2 U 2.2 0.66 0.42 0.38
COBALT µg/L 1.1 J 0.66 J 2.8 J 1.4 J 0.54 J 0.16 J 74.8 J
COPPER µg/L 11.5 8.9 J 2.1 J 5.7 J 6.7 J 6.6 J 2 J 43 J
IRON µg/L 1000 6520 J 1340 J 20 UJ 3670 J 1400 J 261 J 20 UJ
LEAD µg/L 2.5 0.31 0.12 0.06 0.37 0.2 0.24 0.09
MAGNESIUM µg/L 828 J 140 J 1950 J 570 J 1270 J 693 J 2710 J
MANGANESE µg/L 38 J 18 J 360 J 88 J 16 J 5.1 J 3100 J
MERCURY µg/L 0.012 0.119 0.108 0.05 U 2.08 0.639 0.05 U 0.108
MOLYBDENUM µg/L 0.081 0.087 0.05 U 0.054 0.05 U 0.05 U 0.05 U
NICKEL µg/L 52 2.2 J 0.76 J 11 J 2.5 J 1.3 J 0.55 J 34.7 J
POTASSIUM µg/L 700 U 700 U 750 1500 2000 1600 1400
SELENIUM µg/L 5 0.066 0.05 U 0.05 U 0.055 0.05 U 0.05 U 0.05 U
SILVER µg/L 0.12 0.025 U 0.025 U 0.025 U 0.025 U 0.025 U 0.025 U 0.025 U
SODIUM µg/L 1530 1470 976 1240 889 825 892
THALLIUM µg/L 40 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 0.068
VANADIUM µg/L 11.7 J 3 J 0.2 J 8.4 J 2.4 J 0.68 J 0.039 J
ZINC µg/L 90 280 J 200 J 150 J 500 J 210 J 190 J 160 J
* Notes :
   - ft: foot
   - µg/L: microgram per liter
   - T: total
   - J: estimated
   - U: not detected
   - Highlighted cells reflect values that are greater than the comparison level value

MW-11
13

MW-4
5

MW-5
10

MW-6
3

MW-7
0 300

T

Sample

Sample Date

Total/Dissolved

0613BBM-MW-10-SO-
000-U

6/22/2013

T
Sample depth (ft) 0

MW-10

0613BBM-MW-10-SO-
300-U

6/22/2013

T

0613BBM-MW-11-SO-
012.5-U

6/21/2013
MW-10

0613BBM-MW-4-SO-
005-U

6/24/2013

T

0613BBM-MW-5-SO-
010-U

6/24/2013

T

0613BBM-MW-6-SO-
002.5-U

6/22/2013

T

0613BBM-MW-7-SO-
000-U

6/24/2013

T
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%D
0613BBM-MW-1-SO-000-DS 1 0 Soil DS 7.4 1 J 9 U 29.1 39.7 36 101 J 390 1.3 J 4 U
0613BBM-MW-1-SO-000-U 1 0 Soil US 34.7 1.5 UJ 16 33.4 28.2 -16 83 J 347 0.98 J 4 U
0613BBM-MW-1-SO-002.5-DS 1 2.5 Soil DS 5.2 0.98 UJ 9 U 46.9 61.6 31 152 J 402 1.5 J 4 U
0613BBM-MW-1-SO-002.5-U 1 2.5 Soil US 31 1.1 UJ 8 U 51.1 37.4 -27 136 J 355 1.5 J 4
0613BBM-MW-1-SO-005-U 1 5 Soil US 29.5 1 UJ 8 U 44 46.1 5 105 J 345 1.5 J 4 U
0613BBM-MW-1-SO-005-DS 1 5 Soil DS 6.8 0.99 UJ 9 U 49.1 61 24 110 J 458 1.8 J 4 U
0613BBM-MW-1-SO-007.5-DS 1 7.5 Soil DS 16 0.91 UJ 8 U 30 J 41.4 38 163 J 384 1 J 4 U
0613BBM-MW-1-SO-007.5-U 1 7.5 Soil US 28.7 1.1 UJ 8 U 33.5 J 30 -10 202 J 306 1.2 J 8
0613BBM-MW-1-SO-010-S 1 10 Soil S 27.1 1 UJ 8 U 33.2 J 35.2 6 21.9 UJ 319 0.55 UJ 4 U

0613BBM-MW-2-SO-000-DS 2 0 Soil DS 2.8 3.6 J 8 U 44.7 J 54.7 22 117 J 402 1.2 J 4 U
0613BBM-MW-2-SO-02.5-S 2 2.5 Soil S 21.6 2.8 J 8 U 38 J 38.2 1 122 J 309 1.3 J 4 U
0613BBM-MW-2-SO-004.5-S 2 4.5 Soil S 13.8 2.7 J 9 U 35.2 J 34.6 -2 102 361 1.7 J 4 U

0613BBM-MW-3-SO-000-DS 3 0 Soil DS 4 4.8 J 8 U 104 J 97.5 -6 120 J 328 1 J 4 U
0613BBM-MW-3-SO-002.5-S 3 2.5 Soil S 21 5.8 J 8 U 87.2 J 87.2 0 123 J 316 1.2 J 4
0613BBM-MW-3-SO-005-S 3 5 Soil S 17.2 4.2 J 12 51 J 58.5 15 121 J 282 1.2 J 4 U
0613BBM-MW-3-SO-007.5-DS 3 7.5 Soil DS 2 4.8 J 8 U 66.9 J 83.5 25 124 J 396 1.3 J 4 U
0613BBM-MW-3-SO-007.5-U 3 7.5 Soil US 23 0.9 UJ 9 U 74.3 J 75.2 1 114 J 256 2.2 J 11
0613BBM-MW-3-SO-020-U 3 20 Soil US 23.8 1 UJ 9 U 9.2 J 25.7 179 67.7 J 314 1.1 J 5

0613BBM-MW-4-SO-000-DS 4 0 Soil DS 31.1 1.2 J 7 U 19.5 J 16.9 -13 150 J 268 1.1 J 3 U
0613BBM-MW-4-SO-000-U 4 0 Soil US 34.8 1.2 UJ 7 U 21.1 J 16.6 -21 156 J 306 1.1 J 5
0613BBM-MW-4-SO-005-U 4 5 Soil US 31 1.2 UJ 8 U 30.2 J 20.4 -32 146 J 396 1.5 J 4 U
0613BBM-MW-4-SO-014-S 4 14 Soil S 16.3 0.93 UJ 7 U 14.5 J 21 45 45 J 192 0.42 UJ 3 U

0613BBM-MW-5-SO-000-DS 5 0 Soil DS 25.8 1.4 J 9 25.2 J 26.9 7 170 J 311 0.81 J 8
0613BBM-MW-5-SO-000-U 5 0 Soil US 31.3 1.4 J 7 25.5 J 22.7 -11 181 J 268 1 J 5
0613BBM-MW-5-SO-002.5-U 5 2.5 Soil US 27.8 1.4 J 8 U 29.9 J 32.1 7 150 J 338 1.1 J 4
0613BBM-MW-5-SO-005-U 5 5 Soil US 28.7 1.3 J 7 U 19.4 J 20.5 6 123 J 315 0.98 J 3 U
0613BBM-MW-5-SO-007.5-U 5 7.5 Soil US 33.5 1.4 J 15 46.7 J 31.5 -33 113 J 277 2 J 4 U
0613BBM-MW-5-SO-010-U 5 10 Soil US 17.4 2.3 J 8 U 37.4 J 49.6 33 96.6 J 292 1.1 J 4 U
0613BBM-MW-5-SO-012.5-U 5 12.5 Soil US 27.8 1.6 J 8 U 28.1 J 28.9 3 121 J 317 1.2 J 6

0613BBM-MW-6-SO-000-S 6 0 Soil S 38 37.8 J 68 301 J 156.7 -48 26.1 J 149 1.2 J 3 U
0613BBM-MW-6-SO-002.5-S 6 2.5 Soil S 15 49.5 J 155 318 J 241 -24 25.1 J 278 1.1 J 4 U
0613BBM-MW-6-SO-005-S 6 5 Soil S 6.5 6.7 J 16 55.7 J 82.6 48 116 J 430 1.5 J 4 U

0613BBM-MW-7-SO-000-DS 7 0 Soil DS 2.9 5.5 J 25 26.9 J 60.1 123 137 J 388 1.2 J 4 U
0613BBM-MW-7-SO-000-U 7 0 Soil US 20.6 6.7 J 8 U 24.4 J 41.2 69 140 J 370 1 J 4 U
0613BBM-MW-7-SO-002.5-DS 7 2.5 Soil DS 7.7 5.6 J 19 21.7 J 36.6 69 67.7 J 407 1.7 J 6
0613BBM-MW-7-SO-002.5-U 7 2.5 Soil US 23.8 5.1 J 14 20.4 J 31.6 55 70.1 J 386 1 J 4 U
0613BBM-MW-7-SO-005-DS 7 5 Soil DS 7.1 8.2 J 24 25.6 J 46.8 83 58.4 J 412 1.3 J 5
0613BBM-MW-7-SO-005-U 7 5 Soil US 23.4 6.8 J 8 U 24.1 J 31.6 31 66.1 J 345 1.1 J 4 U
0613BBM-MW-7-SO-007.5-DS 7 7.5 Soil DS 5 3.5 J 9 U 26.3 J 38.7 47 148 460 1.7 J 4 U
0613BBM-MW-7-SO-007.5-U 7 7.5 Soil US 29.9 3.8 J 8 U 39.4 J 38.7 -2 174 J 371 1.4 J 4
0613BBM-MW-7-SO-010-DS 7 10 Soil DS 8.3 4.1 J 9 U 28.1 J 42.8 52 154 473 1.7 J 7
0613BBM-MW-7-SO-010-U 7 10 Soil US 25.4 4.7 J 8 U 22.4 J 28.7 28 153 391 1.7 J 4 U
0613BBM-MW-7-SO-012.5-U 7 12.5 Soil US 20.3 4.5 J 8 U 28.2 J 42 49 150 459 1.3 J 4 U
0613BBM-MW-7-SO-015-U 7 15 Soil US 25.9 5 J 14 35 J 48.9 40 253 371 1.5 J 4 U
0613BBM-MW-7-SO-025-DS 7 25 Soil DS 8.4 5 J 9 U 43 J 60 40 203 386 1.9 J 6

Depth (ft.) Target Population MoistureSample Number Field Prep
Antimony Arsenic Barium CadmiumMonitoring 

Well CLP FPXRF CLP FPXRF CLP FPXRF CLP FPXRF
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%D
Depth (ft.) Target Population MoistureSample Number Field Prep

Antimony Arsenic Barium CadmiumMonitoring 
Well CLP FPXRF CLP FPXRF CLP FPXRF CLP FPXRF

0613BBM-MW-10-SO-000-DS 10 0 Soil DS 23.6 2.8 J 9 15.5 J 17.6 14 217 297 1.3 J 11
0613BBM-MW-10-SO-003 -S 10 3 Soil S 24 5.8 J 8 U 12.3 J 9.4 -24 207 278 1.4 J 4 U
0613BBM-MW-10-SO-007.5-S 10 7.5 Soil S 24.6 3.4 J 27 15.5 J 19.3 25 204 293 1.5 J 4 U
0613BBM-MW-10-SO-010-DS 10 10 Soil DS 26.8 7.3 J 7 U 26.2 J 26.3 0 39.9 J 217 0.62 J 3 U
0613BBM-MW-10-SO-012.5-U 10 12.5 Soil US 17 14.4 J 21 25 J 28.5 14 72.9 375 0.75 J 4
0613BBM-MW-10-SO-015 -U 10 15 Soil US 27.6 6.1 J 18 20.8 J 26.8 29 116 328 1.1 J 4 U

0613BBM-MW-11-SO-000-S 11 0 Tailings S 21.4 17.3 J 40 101 J 78.4 -22 93.4 266 1.4 J 4
0613BBM-MW-11-SO-005-S 11 5 Tailings S 9.3 55.8 J 168 246 J 200 -19 9.6 J 274 1.9 J 9
0613BBM-MW-11-SO-07.5-S 11 7.5 Clay Altered Bedrock S 8.6 53.1 J 179 195 J 149.2 -23 12.4 J 301 1.4 J 4 U
0613BBM-MW-11-SO-010-U 11 10 Clay Altered Bedrock US 23.4 2.8 J 13 20.3 J 38 87 60.1 353 0.71 J 4 U
0613BBM-MW-11-SO-012.5-U 11 12.5 Clay Altered Bedrock US 10 49.1 J 154 182 J 157 -14 17.7 J 270 1.5 J 4 U
0613BBM-MW-11-SO-015U 11 15 Clay Altered Bedrock US 26.2 0.94 UJ 8 U 6.2 J 26.8 332 88.4 251 0.82 J 4 U
0613BBM-MW-11-SO-020-U 11 20 Clay Altered Bedrock US 22.4 2.3 J 8 U 19.1 19.4 2 142 J 227 1 J 4 U
0613BBM-MW-11-SO-021.5-U 11 21.5 Clay Altered Bedrock US 26.1 4.1 J 7 U 38.3 J 23.8 -38 201 297 1.4 J 3 U
0613BBM-MW-11-SO-023-U 11 23 Clay Altered Bedrock US 27.3 1.3 UJ 8 U 17.5 J 13.4 -23 210 237 1.2 J 4 U
0613BBM-MW-11-SO-027.5-U 11 27.5 Clay Altered Bedrock US 29.6 0.95 UJ 7 U 12.8 15.6 22 200 J 232 1.1 J 4
0613BBM-MW-11-SO-030-U 11 30 Clay Altered Bedrock US 26.1 0.95 UJ 8 U 14.3 11 -23 176 J 222 1.1 J 3 U
0613BBM-MW-11-SO-040-U 11 40 Clay Altered Bedrock US 23.6 1.1 UJ 8 U 7.4 16.8 127 143 J 329 1.3 J 4 U
0613BBM-MW-11-SO-050-U 11 50 Clay Altered Bedrock US 24.1 1.1 UJ 8 U 20.1 19.9 -1 113 J 306 1.1 J 4 U
0613BBM-MW-11-SO-055-U 11 55 Clay Altered Bedrock US 29.8 1.1 UJ 7 U 8.6 11.1 29 114 J 154 0.63 J 3 U
0613BBM-MW-11-SO-060-U 11 60 Clay Altered Bedrock US 29.5 1 UJ 8 U 12.1 10 -17 222 J 162 0.88 J 4 U
0613BBM-MW-11-SO-070-U 11 70 Clay Altered Bedrock US 30.4 1 UJ 8 U 8.7 12.3 41 94.8 J 188 1.1 J 4 U

0613BBM-MW-13-SO-000-DS 13 0 Soil DS 15.4 2.8 J 8 U 20.5 24.9 21 114 J 319 1.3 J 4 U
0613BBM-MW-13-SO-000-U 13 0 Soil US 36.3 8.6 J 7 U 28.7 15.1 -47 104 J 183 1 J 5
0613BBM-MW-13-SO-002.5-S 13 2.5 Soil S 6.4 1.6 J 8 U 18.4 24.4 33 107 J 403 1.3 J 4 U
0613BBM-MW-13-SO-002.5-U 13 2.5 Soil US 25.5 1.3 J 8 U 20.5 19.2 -6 96.7 J 343 1.2 J 6
0613BBM-MW-13-SO-005-S 13 5 Soil S 2.9 0.92 UJ 9 U 25.5 32.5 27 107 J 473 1.7 J 5
0613BBM-MW-13-SO-005-U 13 5 Soil US 29 1.3 UJ 8 U 18.3 11.6 -37 129 J 328 1.4 J 6
*Notes:   All units are in milligrams per kilogram (mg/kg).
 - For %D comparisons, when either result is undetected (U), or less than the CRQL, the %D is not 
calculated.  The CRQL for Hg is 0.1 mg/kg wet weight and 1.0 mg/kg for As.
 - When both results are positive detections, but either result is < 5 x CRQL, the criteria for the 
comparison is ± 2x the CRQL for the difference between the two values. 

 - %D: percent difference  - NC: not calculated
 - CRQL - Contract Required Quantitation Limit  - S: Sieved
 - DS: Dried and sieved  - U: Less than Detection Limit
 - J: Estimated  - US: unsieved
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0613BBM-MW-1-SO-000-DS 1 0 Soil DS 7.4
0613BBM-MW-1-SO-000-U 1 0 Soil US 34.7
0613BBM-MW-1-SO-002.5-DS 1 2.5 Soil DS 5.2
0613BBM-MW-1-SO-002.5-U 1 2.5 Soil US 31
0613BBM-MW-1-SO-005-U 1 5 Soil US 29.5
0613BBM-MW-1-SO-005-DS 1 5 Soil DS 6.8
0613BBM-MW-1-SO-007.5-DS 1 7.5 Soil DS 16
0613BBM-MW-1-SO-007.5-U 1 7.5 Soil US 28.7
0613BBM-MW-1-SO-010-S 1 10 Soil S 27.1

0613BBM-MW-2-SO-000-DS 2 0 Soil DS 2.8
0613BBM-MW-2-SO-02.5-S 2 2.5 Soil S 21.6
0613BBM-MW-2-SO-004.5-S 2 4.5 Soil S 13.8

0613BBM-MW-3-SO-000-DS 3 0 Soil DS 4
0613BBM-MW-3-SO-002.5-S 3 2.5 Soil S 21
0613BBM-MW-3-SO-005-S 3 5 Soil S 17.2
0613BBM-MW-3-SO-007.5-DS 3 7.5 Soil DS 2
0613BBM-MW-3-SO-007.5-U 3 7.5 Soil US 23
0613BBM-MW-3-SO-020-U 3 20 Soil US 23.8

0613BBM-MW-4-SO-000-DS 4 0 Soil DS 31.1
0613BBM-MW-4-SO-000-U 4 0 Soil US 34.8
0613BBM-MW-4-SO-005-U 4 5 Soil US 31
0613BBM-MW-4-SO-014-S 4 14 Soil S 16.3

0613BBM-MW-5-SO-000-DS 5 0 Soil DS 25.8
0613BBM-MW-5-SO-000-U 5 0 Soil US 31.3
0613BBM-MW-5-SO-002.5-U 5 2.5 Soil US 27.8
0613BBM-MW-5-SO-005-U 5 5 Soil US 28.7
0613BBM-MW-5-SO-007.5-U 5 7.5 Soil US 33.5
0613BBM-MW-5-SO-010-U 5 10 Soil US 17.4
0613BBM-MW-5-SO-012.5-U 5 12.5 Soil US 27.8

0613BBM-MW-6-SO-000-S 6 0 Soil S 38
0613BBM-MW-6-SO-002.5-S 6 2.5 Soil S 15
0613BBM-MW-6-SO-005-S 6 5 Soil S 6.5

0613BBM-MW-7-SO-000-DS 7 0 Soil DS 2.9
0613BBM-MW-7-SO-000-U 7 0 Soil US 20.6
0613BBM-MW-7-SO-002.5-DS 7 2.5 Soil DS 7.7
0613BBM-MW-7-SO-002.5-U 7 2.5 Soil US 23.8
0613BBM-MW-7-SO-005-DS 7 5 Soil DS 7.1
0613BBM-MW-7-SO-005-U 7 5 Soil US 23.4
0613BBM-MW-7-SO-007.5-DS 7 7.5 Soil DS 5
0613BBM-MW-7-SO-007.5-U 7 7.5 Soil US 29.9
0613BBM-MW-7-SO-010-DS 7 10 Soil DS 8.3
0613BBM-MW-7-SO-010-U 7 10 Soil US 25.4
0613BBM-MW-7-SO-012.5-U 7 12.5 Soil US 20.3
0613BBM-MW-7-SO-015-U 7 15 Soil US 25.9
0613BBM-MW-7-SO-025-DS 7 25 Soil DS 8.4

Depth (ft.) Target Population MoistureSample Number Field Prep
Monitoring 

Well
3960 J 4468 46.3 J 88 23.6 J 40 U 62.9 J 86 60800 88177
3480 J 1498 38.7 J 65 19.2 J 28 U 54.8 J 68 53700 52332
2750 J 862 62 J 67 20.5 J 42 U 105 J 140 76900 93785
2700 J 253 61.7 J 45 19.3 J 143 99.2 J 87 81600 61448
5080 J 2884 75.9 J 61 27.1 J 107 89.5 J 116 76000 73663
5500 J 3668 74.4 J 84 35.7 J 46 U 88 J 101 83700 107304

10100 J 7513 35.7 J 85 22.6 31 U 116 J 113 47700 57646
9230 J 6111 43.5 J 101 33.5 75 146 J 106 59400 58875

549 UJ 8833 1.1 UJ 70 5.5 U 119 2.7 UJ 90 11 U 39398

4850 J 7958 39.8 J 88 24.6 33 U 62.1 J 82 50600 62188
5150 J 5557 42.7 J 52 24.7 26 U 67.4 J 75 56200 46399
4740 8084 41.4 J 48 23.8 35 U 65.8 J 79 74200 73038

4750 J 7539 37 J 100 23.6 30 U 62.8 J 93 48100 55027
3820 J 4054 44.8 J 67 25.8 25 U 69.6 J 79 56600 43138
4260 J 5278 45.5 J 63 26.3 27 U 63.3 J 76 57000 46672
4430 J 7558 41.6 J 67 28.3 32 U 63.1 J 99 58900 61191
9850 J 7479 4.4 J 10 40.2 48 U 2.3 UJ 20 95700 122216

11600 J 11251 4.9 J 20 18.8 31 U 4.9 J 17 50200 55830

6510 J 4393 36.6 J 31 22.4 82 66.6 J 62 52600 39315
6510 J 4641 36.3 J 46 23.6 21 U 70.9 J 55 54600 33745
5870 J 3930 36 J 44 39.7 80 68.1 J 68 71100 51112
7760 J 8603 1.6 J 7 5.7 15 U 34.8 J 35 12900 16801

3080 J 1800 36.8 J 51 30.8 58 43.8 J 67 44800 J 38213
3440 J 1411 40.6 J 47 30 41 46.8 J 56 47500 J 34575
3160 J 861 46.2 J 57 53.4 30 68.1 J 76 61900 J 55524
2560 J 749 29.3 J 50 29.1 24 U 69.6 J 67 53100 J 41858
2910 J 639 28.2 J 33 55.2 58 114 J 66 103000 J 53470
3410 J 9372 26.3 J 364 20.3 34 U 54.1 J 81 51600 J 69251
4000 J 3117 35.8 J 42 25.2 55 76.2 J 66 50300 J 45853

3440 J 2631 81.5 J 59 17.3 82 92.7 J 54 64200 J 34009
727 J 35 U 79.3 J 103 19.7 29 U 128 J 118 67000 52159

2700 J 6822 29.6 J 87 89.5 56 126 J 212 57600 68965

1290 J 253 27.9 J 52 31.3 107 68.2 J 116 54400 J 59477
1380 J 44 25.2 J 37 28.2 148 68.9 J 98 52800 J 51401
1410 J 96 22.6 J 50 30.6 35 U 100 J 139 51300 J 71786
1530 J 171 19.5 J 46 25.3 32 U 93.3 J 135 50300 J 67257
1060 J 42 U 28.2 J 61 30.9 35 U 98.8 J 136 51000 J 72143
1160 J 39 U 21.9 J 41 23.2 40 U 97.4 J 127 47600 J 93058
3990 2723 31.2 J 51 29.6 38 U 95.7 J 133 68500 78884
3980 J 1461 25.1 J 38 47.2 29 U 111 J 107 57300 J 56484
4210 2328 33.5 J 48 41.4 37 U 106 J 130 72300 79203
3280 1251 30.8 J 37 34.3 29 U 108 J 86 78200 52513
3780 3084 34.4 J 63 25.6 29 U 95.8 J 99 59600 53198
3840 4035 34.6 J 46 39.5 30 U 120 J 94 68500 59292
4600 5295 33.4 J 66 32.4 38 U 107 J 126 76700 81843

CLP FPXRFFPXRF
Calcium Chromium Cobalt

CLP FPXRF CLP FPXRF CLP
Copper Iron

CLP FPXRF
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Depth (ft.) Target Population MoistureSample Number Field Prep
Monitoring 

Well
0613BBM-MW-10-SO-000-DS 10 0 Soil DS 23.6
0613BBM-MW-10-SO-003 -S 10 3 Soil S 24
0613BBM-MW-10-SO-007.5-S 10 7.5 Soil S 24.6
0613BBM-MW-10-SO-010-DS 10 10 Soil DS 26.8
0613BBM-MW-10-SO-012.5-U 10 12.5 Soil US 17
0613BBM-MW-10-SO-015 -U 10 15 Soil US 27.6

0613BBM-MW-11-SO-000-S 11 0 Tailings S 21.4
0613BBM-MW-11-SO-005-S 11 5 Tailings S 9.3
0613BBM-MW-11-SO-07.5-S 11 7.5 Clay Altered Bedrock S 8.6
0613BBM-MW-11-SO-010-U 11 10 Clay Altered Bedrock US 23.4
0613BBM-MW-11-SO-012.5-U 11 12.5 Clay Altered Bedrock US 10
0613BBM-MW-11-SO-015U 11 15 Clay Altered Bedrock US 26.2
0613BBM-MW-11-SO-020-U 11 20 Clay Altered Bedrock US 22.4
0613BBM-MW-11-SO-021.5-U 11 21.5 Clay Altered Bedrock US 26.1
0613BBM-MW-11-SO-023-U 11 23 Clay Altered Bedrock US 27.3
0613BBM-MW-11-SO-027.5-U 11 27.5 Clay Altered Bedrock US 29.6
0613BBM-MW-11-SO-030-U 11 30 Clay Altered Bedrock US 26.1
0613BBM-MW-11-SO-040-U 11 40 Clay Altered Bedrock US 23.6
0613BBM-MW-11-SO-050-U 11 50 Clay Altered Bedrock US 24.1
0613BBM-MW-11-SO-055-U 11 55 Clay Altered Bedrock US 29.8
0613BBM-MW-11-SO-060-U 11 60 Clay Altered Bedrock US 29.5
0613BBM-MW-11-SO-070-U 11 70 Clay Altered Bedrock US 30.4

0613BBM-MW-13-SO-000-DS 13 0 Soil DS 15.4
0613BBM-MW-13-SO-000-U 13 0 Soil US 36.3
0613BBM-MW-13-SO-002.5-S 13 2.5 Soil S 6.4
0613BBM-MW-13-SO-002.5-U 13 2.5 Soil US 25.5
0613BBM-MW-13-SO-005-S 13 5 Soil S 2.9
0613BBM-MW-13-SO-005-U 13 5 Soil US 29
*Notes:   All units are in milligrams per kilogram (mg/kg).
 - For %D comparisons, when either result is undetected (U), or less than the CRQL, the %D is not 
calculated.  The CRQL for Hg is 0.1 mg/kg wet weight and 1.0 mg/kg for As.
 - When both results are positive detections, but either result is < 5 x CRQL, the criteria for the 
comparison is ± 2x the CRQL for the difference between the two values. 

 - %D: percent difference  - NC: not calculated
 - CRQL - Contract Required Quantitation Limit  - S: Sieved
 - DS: Dried and sieved  - U: Less than Detection Limit
 - J: Estimated  - US: unsieved

CLP FPXRFFPXRF
Calcium Chromium Cobalt

CLP FPXRF CLP FPXRF CLP
Copper Iron

CLP FPXRF

3230 2640 27.1 J 26 28.2 26 U 113 J 103 60600 47232
2300 1004 27.7 J 17 30.8 48 127 J 97 67400 44135
3200 1754 27.4 J 27 29.4 27 U 115 J 113 66200 47825
2700 J 1742 9.6 J 19 11 17 U 50 J 45 25500 21034
2780 771 23.7 J 50 13.1 22 U 72.3 J 59 39200 34656
3410 1803 21.4 J 49 116 24 U 84.8 J 88 47100 41180

1360 270 81.3 J 102 32.3 45 121 J 114 68700 45473
840 29 U 98 J 137 21.3 39 U 103 J 120 92400 85731
684 28 U 77.5 J 135 20.5 31 U 105 J 91 73200 59439
806 38 U 36 J 58 9.1 30 U 64.8 J 88 34700 60100
723 31 U 72.6 J 121 20.8 34 U 100 J 101 71700 68966

2200 554 29.1 J 64 17.8 25 U 49.8 J 69 28500 42551
3190 J 3274 34.2 J 50 35 J 28 U 69.9 J 72 49400 47561
5040 3053 50 J 58 24.1 28 U 81.3 J 76 57000 54541
5220 3443 34.4 J 66 19.5 25 U 67.3 J 63 52500 39959
5280 J 2471 32.5 J 57 17.4 J 142 66.7 J 63 49600 36654
5240 J 2708 32 J 70 23.4 J 23 U 70.4 J 169 50400 36816
5270 J 1623 36.8 J 75 17.4 J 28 U 37.3 J 52 62800 50709
4120 J 2486 40.2 J 53 10.7 J 27 U 51.4 J 73 50300 46645
4960 J 1901 19.1 J 41 8.4 J 18 U 35.2 J 31 34900 24714
6030 J 2634 27.2 J 32 26.6 J 138 53.8 J 52 32100 63223
5690 J 2368 29.2 J 36 9.4 J 32 U 39.8 J 59 55400 68795

7550 J 10146 39.5 J 60 27.3 J 28 U 75.6 J 77 50700 49945
7040 J 5207 38.2 J 38 22.8 J 21 U 69.2 J 49 46200 31397
7050 J 10666 33.6 J 64 32.7 J 32 U 85 J 124 52300 61708
6210 J 18590 37.8 J 63 27.4 J 28 U 68.7 J 89 51900 50618
5910 J 7234 36.4 J 58 27.8 J 44 U 50.9 J 93 67300 102211
6560 J 4788 43.4 J 48 29 J 25 U 65.1 J 50 67300 41703
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0613BBM-MW-1-SO-000-DS 1 0 Soil DS 7.4
0613BBM-MW-1-SO-000-U 1 0 Soil US 34.7
0613BBM-MW-1-SO-002.5-DS 1 2.5 Soil DS 5.2
0613BBM-MW-1-SO-002.5-U 1 2.5 Soil US 31
0613BBM-MW-1-SO-005-U 1 5 Soil US 29.5
0613BBM-MW-1-SO-005-DS 1 5 Soil DS 6.8
0613BBM-MW-1-SO-007.5-DS 1 7.5 Soil DS 16
0613BBM-MW-1-SO-007.5-U 1 7.5 Soil US 28.7
0613BBM-MW-1-SO-010-S 1 10 Soil S 27.1

0613BBM-MW-2-SO-000-DS 2 0 Soil DS 2.8
0613BBM-MW-2-SO-02.5-S 2 2.5 Soil S 21.6
0613BBM-MW-2-SO-004.5-S 2 4.5 Soil S 13.8

0613BBM-MW-3-SO-000-DS 3 0 Soil DS 4
0613BBM-MW-3-SO-002.5-S 3 2.5 Soil S 21
0613BBM-MW-3-SO-005-S 3 5 Soil S 17.2
0613BBM-MW-3-SO-007.5-DS 3 7.5 Soil DS 2
0613BBM-MW-3-SO-007.5-U 3 7.5 Soil US 23
0613BBM-MW-3-SO-020-U 3 20 Soil US 23.8

0613BBM-MW-4-SO-000-DS 4 0 Soil DS 31.1
0613BBM-MW-4-SO-000-U 4 0 Soil US 34.8
0613BBM-MW-4-SO-005-U 4 5 Soil US 31
0613BBM-MW-4-SO-014-S 4 14 Soil S 16.3

0613BBM-MW-5-SO-000-DS 5 0 Soil DS 25.8
0613BBM-MW-5-SO-000-U 5 0 Soil US 31.3
0613BBM-MW-5-SO-002.5-U 5 2.5 Soil US 27.8
0613BBM-MW-5-SO-005-U 5 5 Soil US 28.7
0613BBM-MW-5-SO-007.5-U 5 7.5 Soil US 33.5
0613BBM-MW-5-SO-010-U 5 10 Soil US 17.4
0613BBM-MW-5-SO-012.5-U 5 12.5 Soil US 27.8

0613BBM-MW-6-SO-000-S 6 0 Soil S 38
0613BBM-MW-6-SO-002.5-S 6 2.5 Soil S 15
0613BBM-MW-6-SO-005-S 6 5 Soil S 6.5

0613BBM-MW-7-SO-000-DS 7 0 Soil DS 2.9
0613BBM-MW-7-SO-000-U 7 0 Soil US 20.6
0613BBM-MW-7-SO-002.5-DS 7 2.5 Soil DS 7.7
0613BBM-MW-7-SO-002.5-U 7 2.5 Soil US 23.8
0613BBM-MW-7-SO-005-DS 7 5 Soil DS 7.1
0613BBM-MW-7-SO-005-U 7 5 Soil US 23.4
0613BBM-MW-7-SO-007.5-DS 7 7.5 Soil DS 5
0613BBM-MW-7-SO-007.5-U 7 7.5 Soil US 29.9
0613BBM-MW-7-SO-010-DS 7 10 Soil DS 8.3
0613BBM-MW-7-SO-010-U 7 10 Soil US 25.4
0613BBM-MW-7-SO-012.5-U 7 12.5 Soil US 20.3
0613BBM-MW-7-SO-015-U 7 15 Soil US 25.9
0613BBM-MW-7-SO-025-DS 7 25 Soil DS 8.4

Depth (ft.) Target Population MoistureSample Number Field Prep
Monitoring 

Well
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Depth (ft.) Target Population MoistureSample Number Field Prep
Monitoring 

Well
0613BBM-MW-10-SO-000-DS 10 0 Soil DS 23.6
0613BBM-MW-10-SO-003 -S 10 3 Soil S 24
0613BBM-MW-10-SO-007.5-S 10 7.5 Soil S 24.6
0613BBM-MW-10-SO-010-DS 10 10 Soil DS 26.8
0613BBM-MW-10-SO-012.5-U 10 12.5 Soil US 17
0613BBM-MW-10-SO-015 -U 10 15 Soil US 27.6

0613BBM-MW-11-SO-000-S 11 0 Tailings S 21.4
0613BBM-MW-11-SO-005-S 11 5 Tailings S 9.3
0613BBM-MW-11-SO-07.5-S 11 7.5 Clay Altered Bedrock S 8.6
0613BBM-MW-11-SO-010-U 11 10 Clay Altered Bedrock US 23.4
0613BBM-MW-11-SO-012.5-U 11 12.5 Clay Altered Bedrock US 10
0613BBM-MW-11-SO-015U 11 15 Clay Altered Bedrock US 26.2
0613BBM-MW-11-SO-020-U 11 20 Clay Altered Bedrock US 22.4
0613BBM-MW-11-SO-021.5-U 11 21.5 Clay Altered Bedrock US 26.1
0613BBM-MW-11-SO-023-U 11 23 Clay Altered Bedrock US 27.3
0613BBM-MW-11-SO-027.5-U 11 27.5 Clay Altered Bedrock US 29.6
0613BBM-MW-11-SO-030-U 11 30 Clay Altered Bedrock US 26.1
0613BBM-MW-11-SO-040-U 11 40 Clay Altered Bedrock US 23.6
0613BBM-MW-11-SO-050-U 11 50 Clay Altered Bedrock US 24.1
0613BBM-MW-11-SO-055-U 11 55 Clay Altered Bedrock US 29.8
0613BBM-MW-11-SO-060-U 11 60 Clay Altered Bedrock US 29.5
0613BBM-MW-11-SO-070-U 11 70 Clay Altered Bedrock US 30.4

0613BBM-MW-13-SO-000-DS 13 0 Soil DS 15.4
0613BBM-MW-13-SO-000-U 13 0 Soil US 36.3
0613BBM-MW-13-SO-002.5-S 13 2.5 Soil S 6.4
0613BBM-MW-13-SO-002.5-U 13 2.5 Soil US 25.5
0613BBM-MW-13-SO-005-S 13 5 Soil S 2.9
0613BBM-MW-13-SO-005-U 13 5 Soil US 29
*Notes:   All units are in milligrams per kilogram (mg/kg).
 - For %D comparisons, when either result is undetected (U), or less than the CRQL, the %D is not 
calculated.  The CRQL for Hg is 0.1 mg/kg wet weight and 1.0 mg/kg for As.
 - When both results are positive detections, but either result is < 5 x CRQL, the criteria for the 
comparison is ± 2x the CRQL for the difference between the two values. 

 - %D: percent difference  - NC: not calculated
 - CRQL - Contract Required Quantitation Limit  - S: Sieved
 - DS: Dried and sieved  - U: Less than Detection Limit
 - J: Estimated  - US: unsieved
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0613BBM-MW-1-SO-000-DS 1 0 Soil DS 7.4
0613BBM-MW-1-SO-000-U 1 0 Soil US 34.7
0613BBM-MW-1-SO-002.5-DS 1 2.5 Soil DS 5.2
0613BBM-MW-1-SO-002.5-U 1 2.5 Soil US 31
0613BBM-MW-1-SO-005-U 1 5 Soil US 29.5
0613BBM-MW-1-SO-005-DS 1 5 Soil DS 6.8
0613BBM-MW-1-SO-007.5-DS 1 7.5 Soil DS 16
0613BBM-MW-1-SO-007.5-U 1 7.5 Soil US 28.7
0613BBM-MW-1-SO-010-S 1 10 Soil S 27.1

0613BBM-MW-2-SO-000-DS 2 0 Soil DS 2.8
0613BBM-MW-2-SO-02.5-S 2 2.5 Soil S 21.6
0613BBM-MW-2-SO-004.5-S 2 4.5 Soil S 13.8

0613BBM-MW-3-SO-000-DS 3 0 Soil DS 4
0613BBM-MW-3-SO-002.5-S 3 2.5 Soil S 21
0613BBM-MW-3-SO-005-S 3 5 Soil S 17.2
0613BBM-MW-3-SO-007.5-DS 3 7.5 Soil DS 2
0613BBM-MW-3-SO-007.5-U 3 7.5 Soil US 23
0613BBM-MW-3-SO-020-U 3 20 Soil US 23.8

0613BBM-MW-4-SO-000-DS 4 0 Soil DS 31.1
0613BBM-MW-4-SO-000-U 4 0 Soil US 34.8
0613BBM-MW-4-SO-005-U 4 5 Soil US 31
0613BBM-MW-4-SO-014-S 4 14 Soil S 16.3

0613BBM-MW-5-SO-000-DS 5 0 Soil DS 25.8
0613BBM-MW-5-SO-000-U 5 0 Soil US 31.3
0613BBM-MW-5-SO-002.5-U 5 2.5 Soil US 27.8
0613BBM-MW-5-SO-005-U 5 5 Soil US 28.7
0613BBM-MW-5-SO-007.5-U 5 7.5 Soil US 33.5
0613BBM-MW-5-SO-010-U 5 10 Soil US 17.4
0613BBM-MW-5-SO-012.5-U 5 12.5 Soil US 27.8

0613BBM-MW-6-SO-000-S 6 0 Soil S 38
0613BBM-MW-6-SO-002.5-S 6 2.5 Soil S 15
0613BBM-MW-6-SO-005-S 6 5 Soil S 6.5

0613BBM-MW-7-SO-000-DS 7 0 Soil DS 2.9
0613BBM-MW-7-SO-000-U 7 0 Soil US 20.6
0613BBM-MW-7-SO-002.5-DS 7 2.5 Soil DS 7.7
0613BBM-MW-7-SO-002.5-U 7 2.5 Soil US 23.8
0613BBM-MW-7-SO-005-DS 7 5 Soil DS 7.1
0613BBM-MW-7-SO-005-U 7 5 Soil US 23.4
0613BBM-MW-7-SO-007.5-DS 7 7.5 Soil DS 5
0613BBM-MW-7-SO-007.5-U 7 7.5 Soil US 29.9
0613BBM-MW-7-SO-010-DS 7 10 Soil DS 8.3
0613BBM-MW-7-SO-010-U 7 10 Soil US 25.4
0613BBM-MW-7-SO-012.5-U 7 12.5 Soil US 20.3
0613BBM-MW-7-SO-015-U 7 15 Soil US 25.9
0613BBM-MW-7-SO-025-DS 7 25 Soil DS 8.4

Depth (ft.) Target Population MoistureSample Number Field Prep
Monitoring 

Well %D
8.5 J 12.8 1760 J 1350 J 1694 4.7 11 134 12.5 J 39
6.8 J 7.2 1320 J 1150 J 1048 5.5 11.9 116 10 J 37
8.2 J 9.4 1800 J 449 J 296 5.5 6 9 31.4 J 84
7.4 J 11 1620 J 375 J 262 0.85 1.3 U NC 35.1 J 56
7.7 J 10.6 2100 J 593 J 454 0.14 U 2.3 NC 24.7 J 77
8.2 J 12.4 2280 J 833 J 750 0.19 2.4 > 2 x CRQL 23 J 54
3.3 3 4030 J 990 J 935 0.1 U 3.2 NC 37.6 59

4 5.2 4450 J 1820 J 757 0.13 U 1.7 NC 53.3 62
1.1 U 2.5 549 UJ 1.6 UJ 736 0.13 U 3.5 NC 4.4 U 60

5.2 9.6 3550 J 1100 J 1106 7.5 10.5 40 24.5 55
5.6 5.4 4120 J 1020 J 834 18.7 6.7 -64 24.2 39
4.7 5.4 5250 829 755 0.53 6.7 1164 20 35

6.2 9.4 2440 J 1320 J 1746 8.1 15.3 89 22 48
6.1 6.6 2620 J 1460 J 1220 12.9 17.2 33 26.2 41
4.8 7.3 3970 J 1400 J 1331 1 6.5 550 28.6 41
5.4 8.3 3450 J 1510 J 1912 4 10.3 158 25.4 43
3.8 9.8 3390 J 1840 J 2582 0.12 U 2.6 NC 8 29
2.7 3.5 3980 J 667 J 1160 0.12 U 4.6 NC 5.9 21

7.8 5.9 4880 J 1250 J 914 3.7 2.9 -22 17.6 29
8.1 3.3 5010 J 1350 J 895 3.9 2.4 -38 18.1 27

6 6.4 5470 J 2850 J 1192 0.33 4.6 > 2 x CRQL 18.3 40
5.5 4.7 1650 J 612 J 722 0.03 J 2.7 NC 3.8 14

9.9 8.3 2140 J 1690 J 1300 3.4 3.7 9 13.9 38
10.6 6.9 2300 J 1620 J 1053 4 2.2 -45 14.1 31

7.6 6.7 2720 J 1080 J 253 1.9 2.3 21 13 31
6.1 4.4 4460 J 628 J 389 1.3 1.1 U NC 17.4 30
6.9 4.8 3150 J 1340 J 565 0.73 1.2 U NC 14.1 27
4.2 6.7 5380 J 394 J 293 1.4 13 829 16.5 62
6.1 3.8 4310 J 732 J 489 0.9 1.2 U NC 14.9 33

11.6 6.3 908 J 921 J 727 2.6 12.9 396 32.7 30
10.5 11.3 469 J 557 J 319 3.3 23.3 606 31.7 40

5.6 10.8 2860 J 2350 J 5235 2.7 7.8 189 33.1 69

8.6 13.1 1370 J 1280 J 1033 77.5 187 141 13.3 50
9.3 10.5 1590 J 1450 J 859 15.1 46.7 209 13.7 43
8.8 13.6 1720 J 679 J 652 2.5 2.3 -8 12.2 39
7.8 9.7 1650 J 666 J 368 1.1 4.2 282 9.6 50
7.6 9.7 1430 J 707 J 704 4.1 9.3 127 11.5 36
8.1 12.9 1780 J 559 J 910 3.9 5.8 49 11.7 44

7 11.6 4590 1170 1460 2.4 8.2 242 19.1 34
7.7 8.8 4740 J 2390 J 840 2.6 6.9 165 18.7 46
7.6 10.9 4550 1620 1189 2 5.7 185 21.1 41
8.7 9.4 4920 967 610 1.5 5.9 293 26.9 29
5.3 6.3 4350 1060 1716 2.5 2.4 -4 21.1 51
5.7 5.7 4430 1430 1416 1.7 5.1 200 23.6 49
6.5 8.8 4460 1400 1637 2.5 5.2 108 25.5 39

FPXRFCLP CLP FPXRF CLP FPXRF CLPCLP FPXRF
Magnesium Manganese Mercury NickelLead
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Depth (ft.) Target Population MoistureSample Number Field Prep
Monitoring 

Well
0613BBM-MW-10-SO-000-DS 10 0 Soil DS 23.6
0613BBM-MW-10-SO-003 -S 10 3 Soil S 24
0613BBM-MW-10-SO-007.5-S 10 7.5 Soil S 24.6
0613BBM-MW-10-SO-010-DS 10 10 Soil DS 26.8
0613BBM-MW-10-SO-012.5-U 10 12.5 Soil US 17
0613BBM-MW-10-SO-015 -U 10 15 Soil US 27.6

0613BBM-MW-11-SO-000-S 11 0 Tailings S 21.4
0613BBM-MW-11-SO-005-S 11 5 Tailings S 9.3
0613BBM-MW-11-SO-07.5-S 11 7.5 Clay Altered Bedrock S 8.6
0613BBM-MW-11-SO-010-U 11 10 Clay Altered Bedrock US 23.4
0613BBM-MW-11-SO-012.5-U 11 12.5 Clay Altered Bedrock US 10
0613BBM-MW-11-SO-015U 11 15 Clay Altered Bedrock US 26.2
0613BBM-MW-11-SO-020-U 11 20 Clay Altered Bedrock US 22.4
0613BBM-MW-11-SO-021.5-U 11 21.5 Clay Altered Bedrock US 26.1
0613BBM-MW-11-SO-023-U 11 23 Clay Altered Bedrock US 27.3
0613BBM-MW-11-SO-027.5-U 11 27.5 Clay Altered Bedrock US 29.6
0613BBM-MW-11-SO-030-U 11 30 Clay Altered Bedrock US 26.1
0613BBM-MW-11-SO-040-U 11 40 Clay Altered Bedrock US 23.6
0613BBM-MW-11-SO-050-U 11 50 Clay Altered Bedrock US 24.1
0613BBM-MW-11-SO-055-U 11 55 Clay Altered Bedrock US 29.8
0613BBM-MW-11-SO-060-U 11 60 Clay Altered Bedrock US 29.5
0613BBM-MW-11-SO-070-U 11 70 Clay Altered Bedrock US 30.4

0613BBM-MW-13-SO-000-DS 13 0 Soil DS 15.4
0613BBM-MW-13-SO-000-U 13 0 Soil US 36.3
0613BBM-MW-13-SO-002.5-S 13 2.5 Soil S 6.4
0613BBM-MW-13-SO-002.5-U 13 2.5 Soil US 25.5
0613BBM-MW-13-SO-005-S 13 5 Soil S 2.9
0613BBM-MW-13-SO-005-U 13 5 Soil US 29
*Notes:   All units are in milligrams per kilogram (mg/kg).
 - For %D comparisons, when either result is undetected (U), or less than the CRQL, the %D is not 
calculated.  The CRQL for Hg is 0.1 mg/kg wet weight and 1.0 mg/kg for As.
 - When both results are positive detections, but either result is < 5 x CRQL, the criteria for the 
comparison is ± 2x the CRQL for the difference between the two values. 

 - %D: percent difference  - NC: not calculated
 - CRQL - Contract Required Quantitation Limit  - S: Sieved
 - DS: Dried and sieved  - U: Less than Detection Limit
 - J: Estimated  - US: unsieved

%D FPXRFCLP CLP FPXRF CLP FPXRF CLPCLP FPXRF
Magnesium Manganese Mercury NickelLead

9.3 9.8 11100 1020 837 32.6 23.2 -29 31.7 46
9.9 10.8 14800 1020 665 16.4 8.4 -49 35.3 45
9.3 9.6 10900 992 650 11.5 14.8 29 33.9 46
5.3 5.8 1720 J 304 J 200 24.1 18.4 -24 8.4 17

6 5.9 1040 250 307 4.6 4 -13 8.8 28
7 8.2 1160 1490 404 8.9 10.3 16 14.2 39

8.2 8.2 6220 1220 1131 2.5 8.7 248 44.4 57
9.8 13.7 530 643 400 9.2 30.2 228 31.3 42
7.4 9.4 608 723 514 39.8 43.7 10 24.4 36
6.9 8.9 1530 294 558 1.4 4.8 243 14.3 45
7.3 8.8 622 718 583 20.4 57 179 21.5 37
4.1 3.4 2370 310 539 0.5 6.9 1280 18.5 43
6.4 J 6.7 2420 J 1230 J 1188 7 2.6 -63 18.6 J 30
7.2 8.5 2880 565 247 5.7 4 -30 21.5 46
5.7 5.3 2640 369 184 0.019 J 1.2 U NC 17.6 15
5.4 J 3.2 2430 J 300 J 221 0.02 J 1.1 U NC 15.1 J 41
5.1 J 5.6 2450 J 321 J 268 0.018 J 2 NC 16.9 J 31
6.2 J 6.5 2860 J 1410 J 565 0.13 U 1.2 U NC 11 J 34
7.5 J 8.5 2010 J 387 J 291 0.038 J 1.4 NC 14.6 J 30
5.6 J 4 1980 J 270 J 201 0.13 U 1.1 U NC 9.7 J 18
4.1 J 7.7 2400 J 2440 J 392 0.12 U 1.5 NC 21.3 J 28
5.5 J 6.9 1790 J 473 J 358 0.13 U 1.2 U NC 7.9 J 34

11.3 J 8.6 12100 J 1150 J 1427 0.47 3.5 645 35.7 J 47
10.4 J 6.9 11300 J 1040 J 694 0.89 1.2 U NC 30.6 J 31

7.3 J 11.1 11300 J 1580 J 1327 0.76 3.4 347 32.6 J 53
5.7 J 6.6 12600 J 1210 J 1073 0.14 3.7 > 2 x CRQL 34.8 J 56
5.4 J 9.2 4410 J 1630 J 1703 0.047 J 1.5 NC 13.5 J 27
5.8 J 5.5 5130 J 2360 J 595 0.13 U 1.2 NC 21 J 37
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0613BBM-MW-1-SO-000-DS 1 0 Soil DS 7.4
0613BBM-MW-1-SO-000-U 1 0 Soil US 34.7
0613BBM-MW-1-SO-002.5-DS 1 2.5 Soil DS 5.2
0613BBM-MW-1-SO-002.5-U 1 2.5 Soil US 31
0613BBM-MW-1-SO-005-U 1 5 Soil US 29.5
0613BBM-MW-1-SO-005-DS 1 5 Soil DS 6.8
0613BBM-MW-1-SO-007.5-DS 1 7.5 Soil DS 16
0613BBM-MW-1-SO-007.5-U 1 7.5 Soil US 28.7
0613BBM-MW-1-SO-010-S 1 10 Soil S 27.1

0613BBM-MW-2-SO-000-DS 2 0 Soil DS 2.8
0613BBM-MW-2-SO-02.5-S 2 2.5 Soil S 21.6
0613BBM-MW-2-SO-004.5-S 2 4.5 Soil S 13.8

0613BBM-MW-3-SO-000-DS 3 0 Soil DS 4
0613BBM-MW-3-SO-002.5-S 3 2.5 Soil S 21
0613BBM-MW-3-SO-005-S 3 5 Soil S 17.2
0613BBM-MW-3-SO-007.5-DS 3 7.5 Soil DS 2
0613BBM-MW-3-SO-007.5-U 3 7.5 Soil US 23
0613BBM-MW-3-SO-020-U 3 20 Soil US 23.8

0613BBM-MW-4-SO-000-DS 4 0 Soil DS 31.1
0613BBM-MW-4-SO-000-U 4 0 Soil US 34.8
0613BBM-MW-4-SO-005-U 4 5 Soil US 31
0613BBM-MW-4-SO-014-S 4 14 Soil S 16.3

0613BBM-MW-5-SO-000-DS 5 0 Soil DS 25.8
0613BBM-MW-5-SO-000-U 5 0 Soil US 31.3
0613BBM-MW-5-SO-002.5-U 5 2.5 Soil US 27.8
0613BBM-MW-5-SO-005-U 5 5 Soil US 28.7
0613BBM-MW-5-SO-007.5-U 5 7.5 Soil US 33.5
0613BBM-MW-5-SO-010-U 5 10 Soil US 17.4
0613BBM-MW-5-SO-012.5-U 5 12.5 Soil US 27.8

0613BBM-MW-6-SO-000-S 6 0 Soil S 38
0613BBM-MW-6-SO-002.5-S 6 2.5 Soil S 15
0613BBM-MW-6-SO-005-S 6 5 Soil S 6.5

0613BBM-MW-7-SO-000-DS 7 0 Soil DS 2.9
0613BBM-MW-7-SO-000-U 7 0 Soil US 20.6
0613BBM-MW-7-SO-002.5-DS 7 2.5 Soil DS 7.7
0613BBM-MW-7-SO-002.5-U 7 2.5 Soil US 23.8
0613BBM-MW-7-SO-005-DS 7 5 Soil DS 7.1
0613BBM-MW-7-SO-005-U 7 5 Soil US 23.4
0613BBM-MW-7-SO-007.5-DS 7 7.5 Soil DS 5
0613BBM-MW-7-SO-007.5-U 7 7.5 Soil US 29.9
0613BBM-MW-7-SO-010-DS 7 10 Soil DS 8.3
0613BBM-MW-7-SO-010-U 7 10 Soil US 25.4
0613BBM-MW-7-SO-012.5-U 7 12.5 Soil US 20.3
0613BBM-MW-7-SO-015-U 7 15 Soil US 25.9
0613BBM-MW-7-SO-025-DS 7 25 Soil DS 8.4

Depth (ft.) Target Population MoistureSample Number Field Prep
Monitoring 

Well
389 J 1712 1.9 U 0.6 U 0.38 U 5 56.7 J 86
307 J 1149 7.4 U 0.5 U 0.74 U 3 U 50.8 J 66
203 J 2129 2.4 U 0.6 U 0.49 U 3 U 75.5 J 87
182 J 1165 2.6 U 0.5 U 0.53 U 3 U 73.3 J 57.9
179 J 1321 2.6 U 0.5 U 0.52 U 5 63.8 J 73
219 J 1574 2.5 U 0.6 U 0.5 U 3 U 68.7 J 79
330 J 1530 2.3 UJ 0.5 U 0.45 U 3 U 38.2 J 48.4
345 J 1360 2.7 UJ 0.5 U 0.55 U 3 U 85 J 46.1
549 U 1452 2.6 UJ 0.5 U 0.51 U 3 U 6.6 UJ 46.7

771 3138 2.2 UJ 0.6 U 0.43 U 6 69.4 J 95
283 J 1849 2.4 UJ 0.5 U 0.49 U 3 U 79.9 J 71.3
220 J 2255 4.5 U 0.6 U 0.45 U 3 U 83.6 J 81

586 3408 1.9 UJ 0.5 U 0.37 U 3 U 71.4 J 100
312 J 2547 2.6 UJ 0.5 U 0.51 U 3 U 74.8 J 68.5
179 J 2267 2.5 UJ 0.5 U 0.49 U 3 U 81.6 J 76
274 J 2950 2.1 UJ 1.2 0.43 U 3 U 73.1 J 92
185 J 917 2.3 UJ 0.6 U 0.45 U 3 U 60.3 J 80
196 J 958 2.5 UJ 0.6 U 0.5 U 3 U 54.3 J 69

904 1674 2.7 UJ 0.5 U 0.53 U 4 92.8 J 71.7
903 1704 3.1 UJ 0.5 U 0.62 U 3 U 92.5 J 61.7
208 J 1768 2.9 UJ 1.5 0.59 U 3 U 72 J 60.6
317 J 1719 0.14 J 0.5 U 0.47 U 3 U 39.7 J 49.7

357 J 2181 2.8 UJ 0.5 U 0.56 U 4 80.6 J 90
501 J 1912 3 UJ 0.5 U 0.6 U 3 U 81.6 J 77.8
149 J 1418 2.5 UJ 0.5 U 0.51 U 3 U 56 J 54.9
100 J 1477 2.7 UJ 0.5 U 0.54 U 3 U 55.5 J 55
112 J 1015 2.8 UJ 0.5 U 0.55 U 3 U 73.8 J 55.7
188 J 1734 2.5 UJ 0.6 U 0.5 U 3 U 58 J 72
509 U 1711 2.5 UJ 0.5 U 0.5 U 5 64.6 J 58.2

625 U 129 3.2 UJ 0.5 U 0.64 U 3 U 94 J 62.2
38.5 J 140 2.5 UJ 1.2 0.49 U 3 U 46.2 J 40.9
133 J 2545 2.2 UJ 1 0.43 U 3 U 79.1 J 115

393 U 1919 1.8 UJ 0.6 U 0.36 U 3 U 73.5 J 120
473 U 1838 2.4 UJ 0.5 U 0.48 U 3 U 77.8 J 107
376 U 2583 2 UJ 0.6 U 0.39 U 8 40 J 64
538 U 2028 2.3 UJ 0.5 U 0.46 U 3 U 35.6 J 61.9
414 U 2788 2.1 UJ 1.7 0.41 U 3 U 41.4 J 75
544 U 2444 2.5 UJ 0.6 U 0.5 U 3 U 38.4 J 58
262 J 2904 1.9 U 1.1 0.39 U 8 69.5 J 114
549 U 2217 2.8 UJ 0.5 U 0.56 U 3 U 69.3 J 71
272 J 2410 1.9 U 0.6 U 0.38 U 7 74.9 J 94
259 J 2505 2.8 U 0.5 U 0.56 U 3 U 87.2 J 76
245 J 2011 2.5 U 0.5 U 0.49 U 3 U 78.2 J 78
370 J 1824 2.9 U 0.5 U 0.58 U 3 U 85.8 J 74
326 J 2526 2.1 U 0.6 U 0.42 U 3 U 88.5 J 102

FPXRF CLP FPXRFFPXRF CLP FPXRF CLPCLP
Silver ZincPotassium Selenium
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Depth (ft.) Target Population MoistureSample Number Field Prep
Monitoring 

Well
0613BBM-MW-10-SO-000-DS 10 0 Soil DS 23.6
0613BBM-MW-10-SO-003 -S 10 3 Soil S 24
0613BBM-MW-10-SO-007.5-S 10 7.5 Soil S 24.6
0613BBM-MW-10-SO-010-DS 10 10 Soil DS 26.8
0613BBM-MW-10-SO-012.5-U 10 12.5 Soil US 17
0613BBM-MW-10-SO-015 -U 10 15 Soil US 27.6

0613BBM-MW-11-SO-000-S 11 0 Tailings S 21.4
0613BBM-MW-11-SO-005-S 11 5 Tailings S 9.3
0613BBM-MW-11-SO-07.5-S 11 7.5 Clay Altered Bedrock S 8.6
0613BBM-MW-11-SO-010-U 11 10 Clay Altered Bedrock US 23.4
0613BBM-MW-11-SO-012.5-U 11 12.5 Clay Altered Bedrock US 10
0613BBM-MW-11-SO-015U 11 15 Clay Altered Bedrock US 26.2
0613BBM-MW-11-SO-020-U 11 20 Clay Altered Bedrock US 22.4
0613BBM-MW-11-SO-021.5-U 11 21.5 Clay Altered Bedrock US 26.1
0613BBM-MW-11-SO-023-U 11 23 Clay Altered Bedrock US 27.3
0613BBM-MW-11-SO-027.5-U 11 27.5 Clay Altered Bedrock US 29.6
0613BBM-MW-11-SO-030-U 11 30 Clay Altered Bedrock US 26.1
0613BBM-MW-11-SO-040-U 11 40 Clay Altered Bedrock US 23.6
0613BBM-MW-11-SO-050-U 11 50 Clay Altered Bedrock US 24.1
0613BBM-MW-11-SO-055-U 11 55 Clay Altered Bedrock US 29.8
0613BBM-MW-11-SO-060-U 11 60 Clay Altered Bedrock US 29.5
0613BBM-MW-11-SO-070-U 11 70 Clay Altered Bedrock US 30.4

0613BBM-MW-13-SO-000-DS 13 0 Soil DS 15.4
0613BBM-MW-13-SO-000-U 13 0 Soil US 36.3
0613BBM-MW-13-SO-002.5-S 13 2.5 Soil S 6.4
0613BBM-MW-13-SO-002.5-U 13 2.5 Soil US 25.5
0613BBM-MW-13-SO-005-S 13 5 Soil S 2.9
0613BBM-MW-13-SO-005-U 13 5 Soil US 29
*Notes:   All units are in milligrams per kilogram (mg/kg).
 - For %D comparisons, when either result is undetected (U), or less than the CRQL, the %D is not 
calculated.  The CRQL for Hg is 0.1 mg/kg wet weight and 1.0 mg/kg for As.
 - When both results are positive detections, but either result is < 5 x CRQL, the criteria for the 
comparison is ± 2x the CRQL for the difference between the two values. 

 - %D: percent difference  - NC: not calculated
 - CRQL - Contract Required Quantitation Limit  - S: Sieved
 - DS: Dried and sieved  - U: Less than Detection Limit
 - J: Estimated  - US: unsieved

FPXRF CLP FPXRFFPXRF CLP FPXRF CLPCLP
Silver ZincPotassium Selenium

673 2806 2.7 U 1.4 0.55 U 3 U 81.1 J 66.5
374 J 2617 3 U 0.5 U 0.59 U 3 U 80.9 J 52.1
407 J 2854 2.9 U 0.5 U 0.58 U 3 U 77.8 J 63
296 J 2095 2.8 UJ 0.5 U 0.56 U 3 U 31.9 J 45.8
131 J 958 2.2 U 0.5 U 0.43 U 3 U 30 J 50.1
114 J 986 4.7 U 0.5 U 0.47 U 3 U 40.8 J 63.1

458 J 2595 5.8 U 0.5 U 0.58 U 3 U 72.6 J 71
394 U 46 U 2.4 U 1.8 0.48 U 5 67.5 J 52
476 U 42 U 2.2 U 1.6 0.44 U 3 U 59.7 J 49.7

70.2 J 1570 2.5 U 0.5 U 0.5 U 3 U 47.9 J 81
26.8 J 147 2.3 U 1.1 0.45 U 3 U 59 J 53.3
270 J 967 2.4 U 0.5 U 0.47 U 3 U 54.7 J 55.4
349 J 1574 5.1 U 0.5 U 0.51 U 3 U 67.4 J 52
405 J 2336 5.8 U 0.5 U 0.58 U 3 U 66.6 J 59
430 J 2063 6.4 U 0.5 U 0.64 U 3 U 59.2 J 52.1
411 J 1379 4.7 U 1.3 0.47 U 4 56.6 J 47.9
345 J 1271 0.19 J 0.5 U 0.48 U 3 U 50.8 J 43.6
311 J 1398 5.5 U 0.5 U 0.55 U 3 U 60.5 J 66.8
296 J 1976 5.4 U 0.5 U 0.54 U 3 U 46.8 J 59.8
258 J 770 5.5 U 0.5 U 0.55 U 3 U 36.9 J 33.8
513 J 1545 5.2 U 0.5 U 0.52 U 3 U 64.6 J 39.3
359 J 1463 2.5 U 1 0.5 U 3 U 34.2 J 35.8

849 3238 2.4 U 0.5 U 0.49 U 3 U 88.8 J 86
771 1566 6.7 U 0.5 U 0.67 U 3 U 89.2 J 60.3
300 J 2970 2 U 0.6 U 0.41 U 3 U 77.1 J 103
215 J 2411 2.8 U 0.5 U 0.57 U 3 U 76.8 J 76

83.9 J 2067 2.3 U 0.6 U 0.46 U 3 U 65.4 J 98
45.8 J 1523 3.1 U 0.5 U 0.63 U 3 U 71.5 J 68.5
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Analyte ALKALINITY ALUMINUM ANTIMONY ARSENIC BARIUM BERYLLIUM CADMIUM CALCIUM CHLORIDE CHROMIUM COBALT

Unit mg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L mg/L µg/L µg/L
Comparison 

level/Sample 
type (T/D)

NA 87 1600 150 4 5.3 0.25 116000 860 11 23

0313BBM-DC1-SW-001 Dennis Creek 3/4/2013 D -- 37.5 60U 1.6 10.3 5U 1U 18500 -- 2U 1U
0313BBM-DC1-SW-001 Dennis Creek 3/4/2013 T 39.1 52.7J 60U 1.8 10.8 5U 1U 18100 1.57 2U 1U
0313BBM-DC1-SW-002 Dennis Creek 3/4/2013 D -- 31.5 60U 1.6 10U 5U 1U 14700 -- 2U 1U
0313BBM-DC1-SW-002 Dennis Creek 3/4/2013 T 36.9 332J 60U 4.7 16.8J 5U 1U 15300 1.48 2U 1.1
0313BBM-DC1-SW-003 Dennis Creek 3/6/2013 D -- 20U 60U 1.4 11.6 5U 1U 14400 -- 2U 1U
0313BBM-DC1-SW-003 Dennis Creek 3/6/2013 T 36.2 293J 60U 3.7 15.9 5U 1U 15000 1.46 2U 1.2
0313BBM-DC1-SW-004 Dennis Creek 3/6/2013 D -- 20U 60U 1U 10U 5U 1U 13500 -- 2U 1U
0313BBM-DC1-SW-004 Dennis Creek 3/6/2013 T 35.4 291J 60U 2.8 14.6 5U 1U 14600 1.43 2U 1U
0313BBM-DC1-SW-005 Dennis Creek 3/7/2013 D -- 83.3 60U 1.3 10U 5U 1U 14800 -- 2U 1U
0313BBM-DC1-SW-005 Dennis Creek 3/7/2013 T 33.7 263J 60U 1.8 12.4J 5U 1U 14300 1.44 2U 1U
0313BBM-DC1-SW-006 Dennis Creek 3/8/2013 D -- 88.6 60U 1.4 10U 5U 1U 14600 -- 2U 1U
0313BBM-DC1-SW-006 Dennis Creek 3/8/2013 T 33.9 231J 60U 1.7 10.4 5U 1U 14300 1.46 2U 1U
0313BBM-FC1-SW-001 Furnace Creek 3/4/2013 D -- 20U 60U 1U 10.6 5U 1U 7050 -- 2U 1U
0313BBM-FC1-SW-001 Furnace Creek 3/4/2013 T 34.2 34.8J 60U 1U 12.9 5U 1U 6930 1.51 2U 1U
0313BBM-FC1-SW-002 Furnace Creek 3/6/2013 D -- 28.6 60U 1U 12.5 5U 1U 6810 -- 2U 1U
0313BBM-FC1-SW-002 Furnace Creek 3/6/2013 T 24.8 127J 60U 1U 17.8J 5U 1U 7010 1.38 2U 1U
0313BBM-FC1-SW-003 Furnace Creek 3/6/2013 D -- 151 60U 1U 16.5 5U 1U 6620 -- 2U 1U
0313BBM-FC1-SW-003 Furnace Creek 3/6/2013 T 24.4 147J 60U 1U 17.9 5U 1U 7350 1.22 2U 1U
0313BBM-FC1-SW-004 Furnace Creek 3/6/2013 D -- 23.3 60U 1U 12.4 5U 1U 7000 -- 2U 1U
0313BBM-FC1-SW-004 Furnace Creek 3/6/2013 T 24.9 55.5J 60U 1U 13.3J 5U 1U 7210 1.26 2U 1U
0313BBM-FC1-SW-005 Furnace Creek 3/7/2013 D -- 21.3 60U 1U 11.4 5U 1U 6890 -- 2U 1U
0313BBM-FC1-SW-005 Furnace Creek 3/7/2013 T 23.3 36J 60U 1U 15.3 5U 1U 7040 1.28 2U 1U
0313BBM-FC1-SW-006 Furnace Creek 3/8/2013 D -- 20U 60U 1U 11.6 5U 1U 7000 -- 2U 1U
0313BBM-FC1-SW-006 Furnace Creek 3/8/2013 T 23.3 43.6J 60U 1U 13.2 5U 1U 7070 1.29 2U 1U
0313BBM-GD1-SW-001 Lower Garoutte 3/4/2013 D -- 20U 60U 1U 10U 5U 1U 7930 -- 2U 1U
0313BBM-GD1-SW-001 Lower Garoutte 3/4/2013 T 34 48.8J 60U 1U 10U 5U 1U 8510 1.51 2U 1U
0313BBM-GD1-SW-002 Lower Garoutte 3/6/2013 D -- 57.1 60U 1U 10U 5U 1U 8090 -- 2U 1U
0313BBM-GD1-SW-002 Lower Garoutte 3/6/2013 T 32.8 144J 60U 1U 10UJ 5U 1U 8430 1.43 2U 1U
0313BBM-GD1-SW-003 Lower Garoutte 3/6/2013 D -- 69.6 60U 1U 10U 5U 1U 8000 -- 2U 1U
0313BBM-GD1-SW-003 Lower Garoutte 3/6/2013 T 31.6 175J 60U 1U 10U 5U 1U 8280 1.35 2U 1U
0313BBM-GD1-SW-004 Lower Garoutte 3/6/2013 D -- 33.1 60U 1U 10U 5U 1U 7880 -- 2U 1U
0313BBM-GD1-SW-004 Lower Garoutte 3/6/2013 T 30.4 311J 60U 1U 10UJ 5U 1U 8410 1.38 2U 1U
0313BBM-GD1-SW-005 Lower Garoutte 3/7/2013 D -- 20U 60U 1U 10U 5U 1U 7580 -- 2U 1U
0313BBM-GD1-SW-005 Lower Garoutte 3/7/2013 T 28.9 88.3J 60U 1U 10U 5U 1U 7990 1.42 2U 1U
0313BBM-GD1-SW-006 Lower Garoutte 3/8/2013 D -- 20U 60U 1U 10U 5U 1U 7700 -- 2U 1U
0313BBM-GD1-SW-006 Lower Garoutte 3/8/2013 T 29.5 74.8J 60U 1U 10U 5U 1U 7570 1.41 2U 1U
0313BBM-GU1-SW-001 Upper Garoutte 3/4/2013 D -- 20.7 60U 1U 10U 5U 1U 8340 -- 2U 1U
0313BBM-GU1-SW-001 Upper Garoutte 3/4/2013 T 23.7 50.4J 60U 1U 10U 5U 1U 8810 1.35 2U 1U
0313BBM-GU1-SW-002 Upper Garoutte 3/6/2013 D -- 89.7 60U 1U 10U 5U 1U 8070 -- 2U 1U
0313BBM-GU1-SW-002 Upper Garoutte 3/6/2013 T 32.7 139J 60U 1U 10U 5U 1U 8790 1.44 2U 1U
0313BBM-GU1-SW-003 Upper Garoutte 3/6/2013 D -- 80 60U 1U 10U 5U 1U 7440 -- 2U 1U
0313BBM-GU1-SW-003 Upper Garoutte 3/6/2013 T 32.1 194J 60U 1U 10U 5U 1U 8830 1.38 2U 1U
0313BBM-GU1-SW-004 Upper Garoutte 3/6/2013 D -- 117 60U 1U 10U 5U 1U 7830 -- 2U 1U
0313BBM-GU1-SW-004 Upper Garoutte 3/6/2013 T 30.6 225J 60U 1U 10UJ 5U 1U 8200 1.34 2U 1U
0313BBM-GU1-SW-005 Upper Garoutte 3/7/2013 D -- 59 60U 1U 10U 5U 1U 7370 -- 2U 1U
0313BBM-GU1-SW-005 Upper Garoutte 3/7/2013 T 29.1 84.4J 60U 1U 10U 5U 1U 7790 1.39 2U 1U
0313BBM-GU1-SW-006 Upper Garoutte 3/8/2013 D -- 20U 60U 1U 10U 5U 1U 8020 -- 2U 1U
0313BBM-GU1-SW-006 Upper Garoutte 3/8/2013 T 29.6 65.5J 60U 1U 10U 5U 1U 7940 1.41 2U 1U

Sample ID Sampling location
Sampling 

date

* Notes:     
       - T: total    
       - /cm: per centimeter     
       - µg/L: microgram per liter     
       - D: dissolved     
       - DOC: dissolved organic carbon     
       - J: estimated value    
       - L/mg-M: liter per milligram meter    
        

* Key to Storm Sample IDs:     
       - SW-001: Baseline Sample 
       - SW-002: First Rising Limb Sample 
       - SW-003: Second Rising Limb Sample 
       - SW-004: Peak Sample 
       - SW-005: First Falling Limb Sample 
       - SW-006: Second Falling Limb Sample 

      
- mg/L: milligram per liter     
- ng/L: nanogram per liter    
- SUVA: specific ultraviolet absorbance    
- TSS: total suspended solid    
- U: not detected    
- UV254: ultraviolet at 254 nanometer wavelength  
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Unit
Comparison 

level/Sample 
type (T/D)

0313BBM-DC1-SW-001 Dennis Creek 3/4/2013 D
0313BBM-DC1-SW-001 Dennis Creek 3/4/2013 T
0313BBM-DC1-SW-002 Dennis Creek 3/4/2013 D
0313BBM-DC1-SW-002 Dennis Creek 3/4/2013 T
0313BBM-DC1-SW-003 Dennis Creek 3/6/2013 D
0313BBM-DC1-SW-003 Dennis Creek 3/6/2013 T
0313BBM-DC1-SW-004 Dennis Creek 3/6/2013 D
0313BBM-DC1-SW-004 Dennis Creek 3/6/2013 T
0313BBM-DC1-SW-005 Dennis Creek 3/7/2013 D
0313BBM-DC1-SW-005 Dennis Creek 3/7/2013 T
0313BBM-DC1-SW-006 Dennis Creek 3/8/2013 D
0313BBM-DC1-SW-006 Dennis Creek 3/8/2013 T
0313BBM-FC1-SW-001 Furnace Creek 3/4/2013 D
0313BBM-FC1-SW-001 Furnace Creek 3/4/2013 T
0313BBM-FC1-SW-002 Furnace Creek 3/6/2013 D
0313BBM-FC1-SW-002 Furnace Creek 3/6/2013 T
0313BBM-FC1-SW-003 Furnace Creek 3/6/2013 D
0313BBM-FC1-SW-003 Furnace Creek 3/6/2013 T
0313BBM-FC1-SW-004 Furnace Creek 3/6/2013 D
0313BBM-FC1-SW-004 Furnace Creek 3/6/2013 T
0313BBM-FC1-SW-005 Furnace Creek 3/7/2013 D
0313BBM-FC1-SW-005 Furnace Creek 3/7/2013 T
0313BBM-FC1-SW-006 Furnace Creek 3/8/2013 D
0313BBM-FC1-SW-006 Furnace Creek 3/8/2013 T
0313BBM-GD1-SW-001 Lower Garoutte 3/4/2013 D
0313BBM-GD1-SW-001 Lower Garoutte 3/4/2013 T
0313BBM-GD1-SW-002 Lower Garoutte 3/6/2013 D
0313BBM-GD1-SW-002 Lower Garoutte 3/6/2013 T
0313BBM-GD1-SW-003 Lower Garoutte 3/6/2013 D
0313BBM-GD1-SW-003 Lower Garoutte 3/6/2013 T
0313BBM-GD1-SW-004 Lower Garoutte 3/6/2013 D
0313BBM-GD1-SW-004 Lower Garoutte 3/6/2013 T
0313BBM-GD1-SW-005 Lower Garoutte 3/7/2013 D
0313BBM-GD1-SW-005 Lower Garoutte 3/7/2013 T
0313BBM-GD1-SW-006 Lower Garoutte 3/8/2013 D
0313BBM-GD1-SW-006 Lower Garoutte 3/8/2013 T
0313BBM-GU1-SW-001 Upper Garoutte 3/4/2013 D
0313BBM-GU1-SW-001 Upper Garoutte 3/4/2013 T
0313BBM-GU1-SW-002 Upper Garoutte 3/6/2013 D
0313BBM-GU1-SW-002 Upper Garoutte 3/6/2013 T
0313BBM-GU1-SW-003 Upper Garoutte 3/6/2013 D
0313BBM-GU1-SW-003 Upper Garoutte 3/6/2013 T
0313BBM-GU1-SW-004 Upper Garoutte 3/6/2013 D
0313BBM-GU1-SW-004 Upper Garoutte 3/6/2013 T
0313BBM-GU1-SW-005 Upper Garoutte 3/7/2013 D
0313BBM-GU1-SW-005 Upper Garoutte 3/7/2013 T
0313BBM-GU1-SW-006 Upper Garoutte 3/8/2013 D
0313BBM-GU1-SW-006 Upper Garoutte 3/8/2013 T

Sample ID Sampling location
Sampling 

date

* Notes:     
       - T: total    
       - /cm: per centimeter     
       - µg/L: microgram per liter     
       - D: dissolved     
       - DOC: dissolved organic carbon     
       - J: estimated value    
       - L/mg-M: liter per milligram meter    
        

      
- mg/L: milligram per liter     
- ng/L: nanogram per liter    
- SUVA: specific ultraviolet abs
- TSS: total suspended solid    
- U: not detected    
- UV254: ultraviolet at 254 nan  

COPPER FLUORIDE IRON LEAD MAGNESIUM MANGANESE MERCURY 
(low level)

METHYL 
MERCURY

NICKEL NITRATE + 
NITRITE

POTASSIUM

µg/L mg/L µg/L µg/L µg/L µg/L ng/L ng/L µg/L mg/L µg/L

9 NA 1000 2.5 82000 120 12 50000 52 10 53000

2U -- 74.9J 1U 4170J 9.4J 6.86 0.052U 1U -- 388J
2U 0.04U 135 1U 4070J 12.5J 11.3 0.049U 1U 0.101 343J
2U -- 81J 1U 3240J 10.9J 9.13 0.052U 1U -- 363J
3J 0.04U 971 1U 3650J 79.6 98.5 0.0921 1.3 0.0927 610J
2U -- 30.4J 1U 3260J 7.9J 6.51 0.05U 1U -- 341J
2.9 0.04U 973 1U 3340J 92.9 76.3 0.115 1.1 0.0939 317J
2U -- 111 1U 3100J 11.3J 7.26 0.05U 1U -- 339J
2.6 0.04U 728 1U 3360J 58.4 77.4 0.103 1U 0.128 328J
2U -- 79.7J 1U 3350J 10J 9.44 0.049U 1U -- 317J
2UJ 0.04U 223 1U 3600J 18 33.2 0.0532 1U 0.132 329J
2U -- 142 1U 3430J 12.3J 16.8 0.05U 1U -- 334J
2U 0.04U 280 1U 3270J 15.4 21.8 0.052U 1U 0.122 295J
2U -- 100U 1U 1760J 15U 182 0.051U 1U -- 439J
2U 0.04U 100U 1U 1640J 15U 595 0.0725J+ 1U 0.178 448J
2U -- 26.1J 1U 1720J 15U 794 0.0606J+ 1U -- 457J
2UJ 0.0403 144 1U 1770J 14.4J 7340 0.624J+ 1U 0.227 505J
2U -- 100U 1U 1600J 15U 358 0.0647J+ 1U -- 406J
2U 0.04U 180 1U 1690J 26.3 4820 0.434J+ 1U 0.225 459J
2U -- 100U 1U 1650J 15U 459 0.0609J+ 1U -- 427J
2UJ 0.0403 594 1U 1820J 5.8J 1350 0.134J+ 1U 0.278 468J
2U -- 100U 1U 1630J 15U 206 0.0554J+ 1U -- 570J
2U 0.04U 100U 1U 1610J 15U 1200 0.24J+ 1U 0.277 386J
2U -- 100U 1U 1740J 15U 213 0.051U 1U -- 516J
2U 0.04U 26.3J 1U 1660J 15U 776 0.0917J+ 1U 0.254 430J
2U -- 100U 1U 1750J 15U 2.61 0.051U 1U -- 398J
2U 0.04U 118 1U 1830J 8.2J 7.93 0.049U 1U 0.0884 371J
2U -- 135 1U 1700J 9J 6.35 0.051U 1U -- 376J
2UJ 0.04U 450 1U 1930J 38.5 17.7 0.05U 1U 0.0802 473J
2U -- 159 1U 1700J 10.2J 6.46 0.05U 1U -- 388J
2.1 0.04U 539 1U 1760J 49.6 20.7 0.05U 1U 0.07 361J
2U -- 54.4J 1U 1650J 4.5J 3.9 0.054U 1U -- 395J
2.4J 0.04U 547 1U 1950J 46.6 17.2 0.052U 1U 0.0929 437J
2U -- 28.3J 1U 1630J 15U 2.75 0.051U 1U -- 561J
2U 0.04U 182 1U 1680J 11.5J 9.82 0.049U 1U 0.132 348J
2U -- 100U 1U 1670J 15U 2.21 0.051U 1U -- 363J
2U 0.04U 174 1U 1610J 8.8J 8.23 0.05U 1U 0.129 317J
2U -- 35.7J 1U 1800J 15U 2.81 0.052U 1U -- 397J
2U 0.0419 127 1U 1850J 8.2J 4.84 0.05U 1U 0.0924 394J
2U -- 206 1U 1670J 14.5J 6.44 0.052U 1U -- 459J
2U 0.04U 420 1U 1830J 38.1 11.8 0.05U 1U 0.0775 380J
2U -- 175 1U 1610J 12.6J 5.07 0.052U 1U -- 339J
2.2 0.04U 614 1U 1880J 58.8 12.5 0.051U 1U 0.0764 394J
2U -- 258 1U 1700J 18.1 6.99 0.051U 1U -- 351J
2.2J 0.04U 553 1U 1890J 47.6 15.2 0.049U 1U 0.0975 419J
2U -- 101 1U 1590J 7.6J 5.4 0.051U 1U -- 378J
2U 0.04U 192 1U 1660J 12.6J 8.06 0.052U 1U 0.131 334J
2U -- 29.7J 1U 1760J 15U 2.78 0.051U 1U -- 462J
2U 0.04U 144 1U 1700J 8.8J 7.87 0.049U 1U 0.12 364J

 
 

   
 

 
 



Table 4.2-1 March 2013 Surface Water Data - Storm Event #1
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Analyte

Unit
Comparison 

level/Sample 
type (T/D)

0313BBM-DC1-SW-001 Dennis Creek 3/4/2013 D
0313BBM-DC1-SW-001 Dennis Creek 3/4/2013 T
0313BBM-DC1-SW-002 Dennis Creek 3/4/2013 D
0313BBM-DC1-SW-002 Dennis Creek 3/4/2013 T
0313BBM-DC1-SW-003 Dennis Creek 3/6/2013 D
0313BBM-DC1-SW-003 Dennis Creek 3/6/2013 T
0313BBM-DC1-SW-004 Dennis Creek 3/6/2013 D
0313BBM-DC1-SW-004 Dennis Creek 3/6/2013 T
0313BBM-DC1-SW-005 Dennis Creek 3/7/2013 D
0313BBM-DC1-SW-005 Dennis Creek 3/7/2013 T
0313BBM-DC1-SW-006 Dennis Creek 3/8/2013 D
0313BBM-DC1-SW-006 Dennis Creek 3/8/2013 T
0313BBM-FC1-SW-001 Furnace Creek 3/4/2013 D
0313BBM-FC1-SW-001 Furnace Creek 3/4/2013 T
0313BBM-FC1-SW-002 Furnace Creek 3/6/2013 D
0313BBM-FC1-SW-002 Furnace Creek 3/6/2013 T
0313BBM-FC1-SW-003 Furnace Creek 3/6/2013 D
0313BBM-FC1-SW-003 Furnace Creek 3/6/2013 T
0313BBM-FC1-SW-004 Furnace Creek 3/6/2013 D
0313BBM-FC1-SW-004 Furnace Creek 3/6/2013 T
0313BBM-FC1-SW-005 Furnace Creek 3/7/2013 D
0313BBM-FC1-SW-005 Furnace Creek 3/7/2013 T
0313BBM-FC1-SW-006 Furnace Creek 3/8/2013 D
0313BBM-FC1-SW-006 Furnace Creek 3/8/2013 T
0313BBM-GD1-SW-001 Lower Garoutte 3/4/2013 D
0313BBM-GD1-SW-001 Lower Garoutte 3/4/2013 T
0313BBM-GD1-SW-002 Lower Garoutte 3/6/2013 D
0313BBM-GD1-SW-002 Lower Garoutte 3/6/2013 T
0313BBM-GD1-SW-003 Lower Garoutte 3/6/2013 D
0313BBM-GD1-SW-003 Lower Garoutte 3/6/2013 T
0313BBM-GD1-SW-004 Lower Garoutte 3/6/2013 D
0313BBM-GD1-SW-004 Lower Garoutte 3/6/2013 T
0313BBM-GD1-SW-005 Lower Garoutte 3/7/2013 D
0313BBM-GD1-SW-005 Lower Garoutte 3/7/2013 T
0313BBM-GD1-SW-006 Lower Garoutte 3/8/2013 D
0313BBM-GD1-SW-006 Lower Garoutte 3/8/2013 T
0313BBM-GU1-SW-001 Upper Garoutte 3/4/2013 D
0313BBM-GU1-SW-001 Upper Garoutte 3/4/2013 T
0313BBM-GU1-SW-002 Upper Garoutte 3/6/2013 D
0313BBM-GU1-SW-002 Upper Garoutte 3/6/2013 T
0313BBM-GU1-SW-003 Upper Garoutte 3/6/2013 D
0313BBM-GU1-SW-003 Upper Garoutte 3/6/2013 T
0313BBM-GU1-SW-004 Upper Garoutte 3/6/2013 D
0313BBM-GU1-SW-004 Upper Garoutte 3/6/2013 T
0313BBM-GU1-SW-005 Upper Garoutte 3/7/2013 D
0313BBM-GU1-SW-005 Upper Garoutte 3/7/2013 T
0313BBM-GU1-SW-006 Upper Garoutte 3/8/2013 D
0313BBM-GU1-SW-006 Upper Garoutte 3/8/2013 T

Sample ID Sampling location
Sampling 

date

* Notes:     
       - T: total    
       - /cm: per centimeter     
       - µg/L: microgram per liter     
       - D: dissolved     
       - DOC: dissolved organic carbon     
       - J: estimated value    
       - L/mg-M: liter per milligram meter    
        

      
- mg/L: milligram per liter     
- ng/L: nanogram per liter    
- SUVA: specific ultraviolet abs
- TSS: total suspended solid    
- U: not detected    
- UV254: ultraviolet at 254 nan  

SELENIUM SILVER SODIUM SULFATE THALLIUM TSS VANADIUM ZINC UV254 DOC SUVA

µg/L µg/L µg/L mg/L µg/L mg/L µg/L µg/L /cm mg/L L/mg-M

5 0.12 680000 NA 40 NA 20 120 NA NA NA

5U 1U 3800J -- 1U -- 5U 2U 0.039 6.4 0.609
5U 1U 3490J 26.3 1U 2U 5U 2U -- -- --
5U 1U 3460J -- 1U -- 5U 2U 0.101 7.8 1.29
5U 1U 3780J 19 1U 32.9 5U 3.5J+ -- -- --
5U 1U 3540J -- 1U -- 5U 2.8J+ 0.103 7.6 1.36
5U 1U 3360J 18 1U 34.9 5U 2.6J+ -- -- --
5U 1U 3340J -- 1U -- 5U 2U 0.135 7.4 1.82
5U 1U 3400J 16.5 1U 19.4 5U 2U -- -- --
5U 1U 3520J -- 1U -- 5U 7J+ 0.096 6.9 1.39
5U 1U 3620J 17.3 1U 3.62 5U 2U -- -- --
5U 1U 3330J -- 1U -- 5U 2U 0.096 4.4 2.18
5U 1U 3140J 19.2 1U 2.61 5U 3.2J+ -- -- --
5U 1U 2660J -- 1U -- 5U 2U 0.011 4.4 0.25
5U 1U 2570J 1.18 1U 2U 5U 4.7J+ -- -- --
5U 1U 2640J -- 1U -- 5U 2.7J+ 0.04 5.3 0.755
5U 1U 2720J 3.17 1U 10.3 5U 2.5J+ -- -- --
5U 1U 2390J -- 1U -- 5U 5.4J+ 0.036 5 0.72
5U 1U 2550J 3.05 1U 16.3 5U 2.9J+ -- -- --
5U 1U 2440J -- 1U -- 5U 2U 0.027 4.9 0.551
5U 1U 2760J 3.24 1U 3.21 5U 2U -- -- --
5U 1U 2580J -- 1U -- 5U 2U 0.017 4 0.425
5U 1U 2480J 3.58 1U 2U 5U 2.6J+ -- -- --
5U 1U 2650J -- 1U -- 5U 2U 0.02 3.6 0.556
5U 1U 2540J 3.62 1U 2U 5U 3J+ -- -- --
5U 1U 3410J -- 1U -- 5U 2U 0.03 6.2 0.484
5U 1U 3490J 1.2 1U 2.61 5U 4.2J+ -- -- --
5U 1U 3420J -- 1U -- 5U 4J+ 0.088 6.5 1.35
5U 1U 3690J 1.06 1U 17.2 5U 2U -- -- --
5U 1U 3480J -- 1U -- 5U 2U 0.105 6.1 1.72
5U 1U 3270J 0.964 1U 26.6 5U 2U -- -- --
5U 1U 3300J -- 1U -- 5U 2U 0.103 6.8 1.51
5U 1U 3680J 1.07 1U 20.6 5U 2U -- -- --
5U 1U 3380J -- 1U -- 5U 2U 0.051 5.7 0.895
5U 1U 3370J 1.16 1U 4.26 5U 2U -- -- --
5U 1U 3370J -- 1U -- 5U 2U 0.037 4 0.925
5U 1U 3130J 1.17 1U 2.81 5U 2U -- -- --
5U 1U 3590J -- 1U -- 5U 2U 0.035 6.3 0.556
5U 1U 3630J 4.19 1U 2U 5U 2U -- -- --
5U 1U 3320J -- 1U -- 5U 2U 0.091 6.7 1.36
5U 1U 3540J 1.06 1U 17.1 5U 2U -- -- --
5U 1U 3150J -- 1U -- 5U 4.6J+ 0.107 6.7 1.6
5U 1U 3480J 1.02 1U 23.7 5U 2.3J+ -- -- --
5U 1U 3180J -- 1U -- 5U 2U 0.139 6.9 2.01
5U 1U 3550J 0.99 1U 16.4 5U 2U -- -- --
5U 1U 3180J -- 1U -- 5U 2.5J+ 0.075 5.2 1.44
5U 1U 3280J 1.15 1U 5.87 5U 2U -- -- --
5U 1U 3620J -- 1U -- 5U 2U 0.039 4.9 0.796
5U 1U 3420J 1.15 1U 3.46 5U 2U -- -- --

 
 
sorbance    
    
 
nometer wavelength  
 

* Key to Storm Sample IDs:     
       - SW-001: Baseline Sample 
       - SW-002: First Rising Limb Sample 
       - SW-003: Second Rising Limb Sample 
       - SW-004: Peak Sample 
       - SW-005: First Falling Limb Sample 
       - SW-006: Second Falling Limb Sample 



Table 4.2-2 Surface Water Data - August 2013

1 of 1

Analyte Unit Comparison Criteria Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q Result Q
ALKALINITY, CARBONATE (AS CACO3) mg/l N/A -- -- 63.5 -- -- -- 64.4 -- -- -- 50.1 -- -- -- 49.8 -- -- -- 52.6
ALUMINUM ug/l 87 20 U 20 U 20 U 20 U 20 U 20.8 -- 20 U 24.7 -- 20 U 20.1
ANTIMONY ug/l 1600 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U
ARSENIC ug/l 150 1.6 -- 1.5 -- 1.3 -- 1.4 -- 0.45 J 1 U 0.89 J 0.66 J 2.5 -- 2.5
BARIUM ug/l N/A 31.2 -- 31.1 -- 30.7 -- 31.6 -- 6.2 J 10 U 6.1 J 6.5 J 8.3 J 8.9 J
BERYLLIUM ug/l 5.3 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
CADMIUM ug/l 0.25 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
CALCIUM ug/l N/A 53600 -- 55900 -- 56000 -- 53800 -- 12700 -- 13000 -- 13600 -- 13400 -- 13500 -- 12900
Chloride mg/l 230 -- -- 2.55 -- -- -- 2.54 -- -- -- 2.02 -- -- -- 2.03 -- -- -- 1.43
CHROMIUM ug/l 74 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U
COBALT ug/l N/A 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
COPPER ug/l 11.5 0.35 J 0.45 J 0.44 J 0.46 J 0.44 J 0.53 J 0.44 J 0.61 J 2 U 0.28 J
DOC mg/l N/A 1.2 J+ -- -- 1.1 J+ -- -- 1.3 J+ -- -- 1.3 J+ -- -- 0.6 J+ --
FLUORIDE mg/l N/A -- -- 0.04 U -- -- 0.04 U -- -- 0.04 U -- -- 0.04 U -- -- 0.04 U
IRON ug/l 1000 17.1 J 100 U 19.5 J 100 U 29.5 J 105 -- 35.6 J 113 -- 11.4 J 100 U
LEAD ug/l 2.5 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
MAGNESIUM ug/l N/A 11900 J 12400 -- 12400 J 11900 -- 2710 J 2730 J 2890 J 2820 J 3040 J 2930 J
MANGANESE ug/l N/A 15 U 17.4 -- 16.2 -- 17.1 -- 15 U 6.5 J 15 U 8.9 J 15 U 2.8 J
MERCURY (low level) ng/l 12 3.23 U 7.49 4.94 6.07 3.84 U 7.07 4.18 6.5 2.99 U 12.6
METHYL MERCURY ng/l N/A 0.051 U 0.0652 0.05 U 0.0679 0.0908 U 0.118 -- 0.0768 U 0.0917 U 0.049 U 0.051 U
NICKEL ug/l 52 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
Nitrate+Nitrite as N mg/l N/A -- -- 0.0603 -- -- -- 0.0602 -- -- -- 0.0535 -- -- -- 0.0564 -- -- -- 0.204
POTASSIUM ug/l N/A 5000 U 5000 U 5000 U 5000 U 5000 U 5000 U 5000 U 5000 U 5000 U 5000 U
SELENIUM ug/l 5 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
SILVER ug/l 0.12 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
SODIUM ug/l N/A 5230 -- 5310 -- 5430 -- 5310 -- 5190 -- 5110 -- 5450 -- 5520 -- 5480 -- 5080
Specific Ultraviolet Absorbance L/mg-M N/A 2.25 J- -- -- 2.18 J- -- -- 2.38 J- -- -- 2.31 J- -- -- 0.833 J- --
Sulfate mg/l N/A -- -- 130 -- -- -- 131 -- -- -- 1.61 -- -- -- 1.58 -- -- -- 0.977
THALLIUM ug/l 40 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
Total Dissolved Solids mg/l N/A -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 90
TOTAL SUSPENDED SOLIDS mg/l N/A -- -- 2 U -- -- 2 U -- -- 2 U -- -- 2 U -- -- 3.09
UV254 /cm N/A 0.027 -- -- -- 0.024 -- -- -- 0.031 -- -- -- 0.03 -- -- -- 0.005 -- --
VANADIUM ug/l N/A 0.55 J 5 U 5 U 5 U 5 U 5 U 5 U 5 U 0.38 J 1.3 J
ZINC ug/l 90 2.1 J 2.1 J 2 UJ 3 J 2 UJ 2 UJ 2 UJ 0.77 J 2 UJ 1.6 J
* Notes :
   - /cm: per centimeter    - ng/L: nanogram per liter
   - µg/L: microgram per liter    - SUVA: specific ultraviolet absorbance
   - D: dissolved    - T: total
   - DOC: dissolved organic carbon    - TSS: total suspended solid
   - J: estimated value    - U: not detected
   - L/mg-M: liter per milligram meter    - UV254: ultraviolet at 254 nanometer wavelength
   - mg/L: milligram per liter    - Highlighted cells reflect values that are greater than the screening level value
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Table 4.2-3 Estimated Suspended Particle Mercury Concentrations - March 2013 Storm Event #1

1 of 1

Station Date
Sample 

ID
TSS (mg/L)

Dissolved mercury 
(ng/L)

Dissolved methyl 
mercury (ng/L)

Particulate 
mercury (ng/L)

Particulate methyl 
mercury (ng/L)

Total mercury 
(ng/L)

Total methyl 
mercury (ng/L)

Particulate 
mercury in TSS 

(mg/kg)

Dennis Creek 3/4/2013 1 2 7 0.05 4 0.00 11 0.05 2.2
Dennis Creek 3/6/2013 2 33 9 0.05 89 0.04 99 0.09 2.7
Dennis Creek 3/6/2013 3 35 7 0.05 70 0.07 76 0.12 2.0
Dennis Creek 3/6/2013 4 19 7 0.05 70 0.05 77 0.10 3.6
Dennis Creek 3/7/2013 5 4 9 0.05 24 0.00 33 0.05 6.6
Dennis Creek 3/8/2013 6 3 17 0.05 5 0.00 22 0.05 1.9
Furnace Creek 3/4/2013 1 2 182 0.05 413 0.02 595 0.07 206.5
Furnace Creek 3/6/2013 2 10 794 0.06 6546 0.56 7340 0.62 635.5
Furnace Creek 3/6/2013 3 16 358 0.06 4462 0.37 4820 0.43 273.7
Furnace Creek 3/6/2013 4 3 459 0.06 891 0.07 1350 0.13 277.6
Furnace Creek 3/7/2013 5 2 206 0.06 994 0.18 1200 0.24 497.0
Furnace Creek 3/8/2013 6 2 213 0.05 563 0.04 776 0.09 281.5
Lower Garoutte Creek 3/4/2013 1 3 3 0.05 5 0.00 8 0.05 2.0
Lower Garoutte Creek 3/6/2013 2 17 6 0.05 11 0.00 18 0.05 0.7
Lower Garoutte Creek 3/6/2013 3 27 6 0.05 14 0.00 21 0.05 0.5
Lower Garoutte Creek 3/6/2013 4 21 4 0.05 13 0.00 17 0.05 0.6
Lower Garoutte Creek 3/7/2013 5 4 3 0.05 7 0.00 10 0.05 1.7
Lower Garoutte Creek 3/8/2013 6 3 2 0.05 6 0.00 8 0.05 2.1
Upper Garoutte Creek 3/4/2013 1 2 3 0.05 2 0.00 5 0.05 1.0
Upper Garoutte Creek 3/6/2013 2 17 6 0.05 5 0.00 12 0.05 0.3
Upper Garoutte Creek 3/6/2013 3 24 5 0.05 7 0.00 13 0.05 0.3
Upper Garoutte Creek 3/6/2013 4 16 7 0.05 8 0.00 15 0.05 0.5
Upper Garoutte Creek 3/7/2013 5 6 5 0.05 3 0.00 8 0.05 0.5
Upper Garoutte Creek 3/8/2013 6 3 3 0.05 5 0.00 8 0.05 1.5
* Notes : * Key to Storm Sample IDs:
   - ID: identification     - 1: Baseline Sample
   - mg/kg: milligram per kilogram     - 2: First Rising Limb Sample
   - ng/L: nanogram per liter     - 3: Second Rising Limb Sample
   - TSS: total suspended solid     - 4: Peak Sample

    - 5: First Falling Limb Sample
    - 6: Second Falling Limb Sample
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Table 4.2-4 Estimated Annual Load of Total Mercury from Garoutte Creek, including the OU1 Study Area

Waterbody
Average Annual Flow 

(cfs)

Flow Frequency  
Weighted Average Hg 

(ng/l)

Estimated Annual Load 
Hg (kg/yr)

Upstream Garoutte Creek 22 9 0.177
Other Tribs to Garoutte Creek 2 10 0.021
Furnace Creek 0.1 1,589 0.072
Downstream Garoutte Creek 24 12 0.269
Dennis Creek 1 28 0.034
Garoutte Creek below Dennis Creek 26 13 0.304
* Notes :
   - cfs: cubic foot per second
   - kg/yr: kilogram per year
   - ng/L: nanogram per liter
   - OU: operable unit
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Table 4.3-1 Total Metals Sediment Data - March 2013 Downstream Samples and October 2013 Background (Upstream) Samples

Analyte ALUMINUM ANTIMONY ARSENIC AVS BARIUM BERYLLIUM CADMIUM

Unit mg/kg mg/kg mg/kg µmole/g mg/kg mg/kg mg/kg

Comparison Level N/A 3.0 4.0 N/A N/A 122.0 0.60

1013BBM-GU1-C1-SE-2MM 2mm Upper Garoutte 10/10/2013 22500J 1.4U 19 N/A 166 0.59J 0.49J

1013BBM-GU1-C2-SE-2MM 2mm Upper Garoutte 10/10/2013 22900J 1.4U 17.4 N/A 121 0.51J 0.52J

1013BBM-GU1-C3-SE-2MM 2mm Upper Garoutte 10/10/2013 25200J 1.4U 22 N/A 140 0.66J 0.54J

Average (GU1-SE-2mm) 2mm Upper Garoutte 10/10/2013 23533J 1.4U 19 N/A 142 0.59J 0.52J

1013BBM-GU1-C1-SE-62U 62µm Upper Garoutte 10/10/2013 31000J 2.3U 23 N/A 161 0.78J 0.6J

1013BBM-GU1-C2-SE-62U 62µm Upper Garoutte 10/10/2013 32100J 2.2U 23.8 N/A 162 0.79J 0.63J

1013BBM-GU1-C3-SE-62U 62µm Upper Garoutte 10/10/2013 33100J 2.6U 24.5 N/A 166 0.87J 0.64J

Average (GU1-SE-62µm) 62µm Upper Garoutte 10/10/2013 32067J 2.4U 23.8 N/A 163 0.81J 0.62J

1013BBM-GU1-C1-SE-BULK bulk Upper Garoutte 10/10/2013 22000J 1.4U 17.5 N/A 113J 0.55J 0.52J

1013BBM-GU1-C2-SE-BULK bulk Upper Garoutte 10/10/2013 22300J 1.4U 15.8 N/A 106J 0.42J 0.49J

1013BBM-GU1-C3-SE-BULK bulk Upper Garoutte 10/10/2013 24300J 1.5U 20.1 N/A 130 0.64J 0.51J

Average (GU1-SE-bulk) bulk Upper Garoutte 10/10/2013 22867J 1.4U 17.8 N/A 116J 0.54J 0.51J

1013BBM-GU1-SE-005 5th sub-sample Upper Garoutte 10/10/2013 -- -- -- N/A -- -- --

1013BBBM-GU1-SE-015 15th sub-sample Upper Garoutte 10/10/2013 -- -- -- N/A -- -- --

1013BBM-GU1-SE-025 25th sub-sample Upper Garoutte 10/10/2013 -- -- -- N/A -- -- --

Average (GU1-SE-sub-sample) sub-sample Upper Garoutte 10/10/2013 -- -- -- N/A -- -- --
1013BBM-GU1-SE-305 5th sub-sample (dup) Upper Garoutte 10/10/2013 -- -- -- N/A -- -- --

1013BBM-UDC1-C1-SE-2MM 2mm Dennis Creek 10/8/2013 18300J 1.4U 58.8 N/A 126J 0.57J 0.47J

1013BBM-UDC1-C2-SE-2MM 2mm Dennis Creek 10/8/2013 20700J 1.4U 59.3 N/A 131J 0.59J 0.49J

1013BBM-UDC1-C3-SE-2MM 2mm Dennis Creek 10/8/2013 18500J 1.4U 73.3 N/A 122J 0.58J 0.5J

Average (UDC1-SE-2mm) 2mm Dennis Creek 10/8/2013 19167 1.4U 63.8 N/A 126J 0.58J 0.5J

1013BBM-UDC1-C1-SE-62U 62µm Dennis Creek 10/8/2013 25200J 2U 86.2 N/A 173J 0.73J 0.57J

1013BBM-UDC1-C2-SE-62U 62µm Dennis Creek 10/8/2013 26900J 2U 87.5 N/A 175J 0.75J 0.6J

1013BBM-UDC1-C3-SE-62U 62µm Dennis Creek 10/8/2013 32600J 2.1U 99.9 N/A 214J 0.93J 0.72J

Average (UDC1-SE-62µm) 62µm Dennis Creek 10/8/2013 28233J 2.0U 91.2 N/A 187J 0.80J 0.63J

1013BBM-UDC1-C1-SE-BULK bulk Dennis Creek 10/8/2013 17900J 1.2U 53.4 N/A 123J 0.54J 0.39J

1013BBM-UDC1-C2-SE-BULK bulk Dennis Creek 10/8/2013 17200J 1.5U 63.4 N/A 116J 0.6J 0.47J

1013BBM-UDC1-C3-SE-BULK bulk Dennis Creek 10/8/2013 20300J 1.4U 66.8 N/A 147J 0.7J 0.54J

Average (UDC1-SE-bulk) bulk Dennis Creek 10/8/2013 18467J 1.4U 61.2 N/A 129J 0.6J 0.47J

1013BBM-UDC1-SE-006 6th sub-sample Dennis Creek 10/8/2013 -- -- -- N/A -- -- --

1013BBM-UDC1-SE-014 14th sub-sample Dennis Creek 10/8/2013 -- -- -- N/A -- -- --

1013BBM-UDC1-SE-024 24th sub-sample Dennis Creek 10/8/2013 -- -- -- N/A -- -- --
Average (UDC1-SE-sub-sample) sub-sample Dennis Creek 10/8/2013 -- -- -- N/A -- -- --

1013BBM-UFC1-C1-SE-2MM 2mm Furnace Creek 10/9/2013 36600J 1.8U 25.7 N/A 229J 0.4J 0.58J

1013BBM-UFC1-C2-SE-2MM 2mm Furnace Creek 10/9/2013 31000J 1.8U 28.8 N/A 196J 0.46J 0.57J

1013BBM-UFC1-C3-SE-2MM 2mm Furnace Creek 10/9/2013 33000J 1.8U 25.9 N/A 214J 0.41J 0.59J

Average (UFC1-SE-2mm) 2mm Furnace Creek 10/9/2013 33533 1.8U 26.8 N/A 213J 0.42J 0.58J

1013BBM-UFC1-C1-SE-62U 62µm Furnace Creek 10/9/2013 40800J 2U 30 N/A 252J 0.57J 0.63J

1013BBM-UFC1-C2-SE-62U 62µm Furnace Creek 10/9/2013 45100J 2.4U 39.6 N/A 279J 0.78J 0.69J

Sample type Sampling date
Sampling 
location

Sample ID
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Table 4.3-1 Total Metals Sediment Data - March 2013 Downstream Samples and October 2013 Background (Upstream) Samples

Analyte ALUMINUM ANTIMONY ARSENIC AVS BARIUM BERYLLIUM CADMIUM

Unit mg/kg mg/kg mg/kg µmole/g mg/kg mg/kg mg/kg

Comparison Level N/A 3.0 4.0 N/A N/A 122.0 0.60

Sample type Sampling date
Sampling 
location

Sample ID

1013BBM-UFC1-C3-SE-62U 62µm Furnace Creek 10/9/2013 41900J 2.1U 36.1 N/A 262J 0.69J 0.64J

Average (UFC1-SE-62µm) 62µm Furnace Creek 10/9/2013 42600 2.2U 35.2 N/A 264J 0.68J 0.65J

1013BBM-UFC1-C1-SE-BULK bulk Furnace Creek 10/9/2013 34500J 1.8U 25.8 N/A 215J 0.44J 0.59J

1013BBM-UFC1-C2-SE-BULK bulk Furnace Creek 10/9/2013 34000J 1.7U 24.4 N/A 228J 0.39J 0.56J

1013BBM-UFC1-C3-SE-BULK bulk Furnace Creek 10/9/2013 34000J 1.7U 30 N/A 208J 0.49J 0.59J

Average (UFC1-SE-bulk) bulk Furnace Creek 10/9/2013 34167J 1.7U 26.7 N/A 217J 0.44J 0.58J

1013BBM-UFC1-SE-005 5th sub-sample Furnace Creek 10/9/2013 -- -- -- N/A -- -- --

1013BBM-UFC1-SE-015 15th sub-sample Furnace Creek 10/9/2013 -- -- -- N/A -- -- --

1013BBM-UFC1-SE-025 25th sub-sample Furnace Creek 10/9/2013 -- -- -- N/A -- -- --
Average (UFC1-SE-sub-sample) sub-sample Furnace Creek 10/9/2013 -- -- -- N/A -- -- --

0313BBM-DC1-C1-SE-2MM 2mm Dennis Creek 3/10/2013 17600J 1.4U 52.9J -- 107J 0.47J 0.68J
0313BBM-DC1-C2-SE-2MM 2mm Dennis Creek 3/10/2013 15900J 1.4U 44J -- 101J 0.48J 0.62J
0313BBM-DC1-C3-SE-2MM 2mm Dennis Creek 3/10/2013 16700J 1.4U 49.1J -- 108J 0.49J 0.68J

Average (DC1-SE-2mm) 2mm Dennis Creek 3/10/2013 16733J 1.4U 48.7J -- 105J 0.48J 0.66J
0313BBM-DC1-C1-SE-64µ 64µm Dennis Creek 3/10/2013 -- -- -- -- -- -- --
0313BBM-DC1-C2-SE-64µ 64µm Dennis Creek 3/10/2013 -- -- -- -- -- -- --
0313BBM-DC1-C3-SE-64µ 64µm Dennis Creek 3/10/2013 -- -- -- -- -- -- --

Average (DC1-SE-64µ) 64µm Dennis Creek 3/10/2013 -- -- -- -- -- -- --
0313BBM-DC1-C1-SE-BULK bulk Dennis Creek 3/10/2013 14900J 1.4U 45.4J -- 90.1J 0.4J 0.61J
0313BBM-DC1-C2-SE-BULK bulk Dennis Creek 3/10/2013 15000J 1.3U 47J -- 83.8J 0.48J 0.65J
0313BBM-DC1-C3-SE-BULK bulk Dennis Creek 3/10/2013 16100J 1.4U 48.3J -- 105J 0.5J 0.71

Average (DC1-SE-bulk) bulk Dennis Creek 3/10/2013 15333J 1.4U 46.9J -- 93J 0.46J 0.66J
0313BBM-DC1- SE-015 15th sub-sample Dennis Creek 3/10/2013 -- -- -- 0.034U -- -- --
0313BBM-DC1-SE-008 8th sub-sample Dennis Creek 3/10/2013 -- -- -- 0.034U -- -- --
0313BBM-DC1-SE-025 25th sub-sample Dennis Creek 3/10/2013 -- -- -- 0.032U -- -- --

Average (DC1-SE-sub-sample) sub-sample Dennis Creek 3/10/2013 -- -- -- 0.033U -- -- --
0313BBM-DC1-SE-315 15th sub-sample (dup) Dennis Creek 3/10/2013 -- -- -- 0.036U -- -- --

0313BBM-FC1-C1-SE-2MM 2mm Furnace Creek 3/11/2013 26200J 1.8U 54.1J -- 188J 0.43J 0.79J
0313BBM-FC1-C2-SE-2MM 2mm Furnace Creek 3/11/2013 25600J 1.7U 50.7J -- 182J 0.32J 0.77J
0313BBM-FC1-C3-SE -2MM 2mm Furnace Creek 3/11/2013 26800J 1.8U 48.2J -- 196J 0.39J 0.76J

Average (FC1-SE-2mm) 2mm Furnace Creek 3/11/2013 26200J 1.8U 51.0J -- 189J 0.38J 0.77J
0313BBM-FC1-C1-SE-64µ 64µm Furnace Creek 3/11/2013 -- -- -- -- -- -- --
0313BBM-FC1-C2-SE-64µ 64µm Furnace Creek 3/11/2013 -- -- -- -- -- -- --
0313BBM-FC1-C3-SE-64µ 64µm Furnace Creek 3/11/2013 -- -- -- -- -- -- --

Average (FC1-SE-64µ) 64µm Furnace Creek 3/11/2013 -- -- -- -- -- -- --
0313BBM-FC1-C1-SE-BULK bulk Furnace Creek 3/11/2013 27200J 1.5U 51.2J -- 253J 0.49J 0.75J
0313BBM-FC1-C2-SE-BULK bulk Furnace Creek 3/11/2013 29200J 2U 54.1J -- 219J 0.43J 0.85J
0313BBM-FC1-C3-SE-BULK bulk Furnace Creek 3/11/2013 24200J 1.7U 49.5J -- 182J 0.44J 0.75J
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Table 4.3-1 Total Metals Sediment Data - March 2013 Downstream Samples and October 2013 Background (Upstream) Samples

Analyte ALUMINUM ANTIMONY ARSENIC AVS BARIUM BERYLLIUM CADMIUM

Unit mg/kg mg/kg mg/kg µmole/g mg/kg mg/kg mg/kg

Comparison Level N/A 3.0 4.0 N/A N/A 122.0 0.60

Sample type Sampling date
Sampling 
location

Sample ID

Average (FC1-SE-bulk) bulk Furnace Creek 3/11/2013 26867J 1.7U 51.6J -- 218J 0.45J 0.78J
0313BBM-FC1-SE-005 5th sub-sample Furnace Creek 3/11/2013 -- -- -- 0.053U -- -- --
0313BBM-FC1-SE-016 16th sub-sample Furnace Creek 3/11/2013 -- -- -- 0.04U -- -- --
0313BBM-FC1-SE-025 25th sub-sample Furnace Creek 3/11/2013 -- -- -- 0.065U -- -- --

Average (FC1-SE-sub-sample) sub-sample Furnace Creek 3/11/2013 -- -- -- 0.053U -- -- --
0313BBM-GD1-C1-SE-2MM 2mm Lower Garoutte 3/9/2013 20100J 1.5U 17.5J -- 109J 0.31J 0.47J
0313BBM-GD1-C2-SE-2MM 2mm Lower Garoutte 3/9/2013 22200J 1.5U 22.4J -- 121J 0.39J 0.56J
0313BBM-GD1-C3-SE-2MM 2mm Lower Garoutte 3/9/2013 18200J 1.4U 16J -- 94.6J 0.31J 0.42J

Average (GD1-SE-2mm) 2mm Lower Garoutte 3/9/2013 20167J 1.5U 18.63J #N/A 108.2J 0.34J 0.48J
0313BBM-GD1-C1-SE-64µ 64µm Lower Garoutte 3/9/2013 -- -- -- -- -- -- --
0313BBM-GD1-C2-SE-64µ 64µm Lower Garoutte 3/9/2013 -- -- -- -- -- -- --
0313BBM-GD1-C3-SE-64µ 64µm Lower Garoutte 3/9/2013 -- -- -- -- -- -- --

Average (GD1-SE-64µ) 64µm Lower Garoutte 3/9/2013 -- -- -- -- -- -- --
0313BBM-GD1-C1-SE-BULK bulk Lower Garoutte 3/9/2013 21900J 1.6U 22.4J -- 118J 0.43J 0.52J
0313BBM-GD1-C2-SE-BULK bulk Lower Garoutte 3/9/2013 21800J 1.5U 17.7J -- 120J 0.42J 0.47J
0313BBM-GD1-C3-SE-BULK bulk Lower Garoutte 3/9/2013 18400J 1.4U 15.8J -- 96.8J 0.72U 0.45J

Average (GD1-SE-bulk) bulk Lower Garoutte 3/9/2013 20700J 1.5U 18.6J -- 112J 0.52U 0.48J
0313BBM-GD1-SE-005 5th sub-sample Lower Garoutte 3/9/2013 -- -- -- 0.046U -- -- --
0313BBM-GD1-SE-015 15th sub-sample Lower Garoutte 3/9/2013 -- -- -- 0.033U -- -- --
0313BBM-GD1-SE-025 25th sub-sample Lower Garoutte 3/9/2013 -- -- -- 0.025U -- -- --

Average (GD1-SE-sub-sample) 25th sub-sample Lower Garoutte 3/9/2013 -- -- -- 0.035U -- -- --
0313BBM-GD1-SE-025 25th sub-sample Lower Garoutte 3/9/2013 -- -- -- 0.025U -- -- --

* Notes :
- %: percent    - mg/kg: milligram per kilogram
- µm: micron    - mm: millimiter
- µmole/g: micromole per gram    - N/A: not available/not applicable
- AVS: acid volatile sulfide    - ng/g: nanogram per gram
- D: dissolved    - T: total
- ID: identification    - U: not detected
- J: estimated value    - Value exceeding screening level
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Table 4.3-1 Total Metals Sediment Data - March 2013 Downstream Samples and October 2013 Background (Upstream) Samples

Analyte

Unit

Comparison Level

1013BBM-GU1-C1-SE-2MM 2mm Upper Garoutte 10/10/2013
1013BBM-GU1-C2-SE-2MM 2mm Upper Garoutte 10/10/2013
1013BBM-GU1-C3-SE-2MM 2mm Upper Garoutte 10/10/2013

Average (GU1-SE-2mm) 2mm Upper Garoutte 10/10/2013
1013BBM-GU1-C1-SE-62U 62µm Upper Garoutte 10/10/2013
1013BBM-GU1-C2-SE-62U 62µm Upper Garoutte 10/10/2013
1013BBM-GU1-C3-SE-62U 62µm Upper Garoutte 10/10/2013
Average (GU1-SE-62µm) 62µm Upper Garoutte 10/10/2013

1013BBM-GU1-C1-SE-BULK bulk Upper Garoutte 10/10/2013
1013BBM-GU1-C2-SE-BULK bulk Upper Garoutte 10/10/2013
1013BBM-GU1-C3-SE-BULK bulk Upper Garoutte 10/10/2013

Average (GU1-SE-bulk) bulk Upper Garoutte 10/10/2013
1013BBM-GU1-SE-005 5th sub-sample Upper Garoutte 10/10/2013

1013BBBM-GU1-SE-015 15th sub-sample Upper Garoutte 10/10/2013
1013BBM-GU1-SE-025 25th sub-sample Upper Garoutte 10/10/2013

Average (GU1-SE-sub-sample) sub-sample Upper Garoutte 10/10/2013
1013BBM-GU1-SE-305 5th sub-sample (dup) Upper Garoutte 10/10/2013

1013BBM-UDC1-C1-SE-2MM 2mm Dennis Creek 10/8/2013
1013BBM-UDC1-C2-SE-2MM 2mm Dennis Creek 10/8/2013
1013BBM-UDC1-C3-SE-2MM 2mm Dennis Creek 10/8/2013

Average (UDC1-SE-2mm) 2mm Dennis Creek 10/8/2013
1013BBM-UDC1-C1-SE-62U 62µm Dennis Creek 10/8/2013
1013BBM-UDC1-C2-SE-62U 62µm Dennis Creek 10/8/2013
1013BBM-UDC1-C3-SE-62U 62µm Dennis Creek 10/8/2013
Average (UDC1-SE-62µm) 62µm Dennis Creek 10/8/2013

1013BBM-UDC1-C1-SE-BULK bulk Dennis Creek 10/8/2013
1013BBM-UDC1-C2-SE-BULK bulk Dennis Creek 10/8/2013
1013BBM-UDC1-C3-SE-BULK bulk Dennis Creek 10/8/2013

Average (UDC1-SE-bulk) bulk Dennis Creek 10/8/2013
1013BBM-UDC1-SE-006 6th sub-sample Dennis Creek 10/8/2013
1013BBM-UDC1-SE-014 14th sub-sample Dennis Creek 10/8/2013
1013BBM-UDC1-SE-024 24th sub-sample Dennis Creek 10/8/2013

Average (UDC1-SE-sub-sample) sub-sample Dennis Creek 10/8/2013
1013BBM-UFC1-C1-SE-2MM 2mm Furnace Creek 10/9/2013
1013BBM-UFC1-C2-SE-2MM 2mm Furnace Creek 10/9/2013
1013BBM-UFC1-C3-SE-2MM 2mm Furnace Creek 10/9/2013

Average (UFC1-SE-2mm) 2mm Furnace Creek 10/9/2013
1013BBM-UFC1-C1-SE-62U 62µm Furnace Creek 10/9/2013
1013BBM-UFC1-C2-SE-62U 62µm Furnace Creek 10/9/2013

Sample type Sampling date
Sampling 
location

Sample ID

CALCIUM CHROMIUM COBALT COPPER IRON LEAD MAGNESIUM MANGANESE MERCURY
METHYL 

MERCURY
NICKEL POTASSIUM

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg ng/g mg/kg mg/kg

N/A 37.0 N/A 35.7 N/A 35.0 N/A 1100.0 0.2 N/A 18.0 N/A

6170J 28.9 21.9 78J 58300 2.5 5860J 1000J 1.8 0.51 23.7 460J
6330J 30.1 24.7 73.5J 57200 2.8 5940J 1050J 0.23 0.487 23.5 460J
6790J 34.3 24.3 81.5J 59400 3.3 6000J 1370J 0.37 0.483 22.9 490J
6430J 31.1 24 77.7J 58300 2.9 5933J 1140J 0.80 0.493 23.4 470J
9420J 43.2 24.8 97.6J 54600 4.1 6190J 1450J 1.1 2.81 25.7 517J
9550J 40.8 25.1 100J 57000 3.9 6590J 1360J 0.51 2.77 26.7 562J
9790J 40.8 23.8 106J 58500 3.7 6440J 1350J 0.61 3.46 26 590J
9587J 41.6 24.6 101J 56700 3.9 6407J 1387J 0.74 3.01 26.1 556J
6290J 29.8 20.3 73J 59500J 2 5810J 859J 0.25J 0.484 22.6 431J
5920J 31.2 19 69.6J 57700J 1.7 5940J 870J 0.14UJ 0.361 22.1 434J
6700J 28.1 28.7 77.3J 59800 3.4 6310J 1460J 0.18 0.423 23.5 510J
6303J 29.7 22.7 73.3J 59000J 2.4 6020J 1063J 0.19J 0.423 22.7 458J

-- -- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- --

5280J 36.5 20.3 64.2J 41200J 2.5 3770J 1270J 0.46J 0.307 23.8 329J
5580J 41.7 21.8 66.8J 42700J 2.6 4130J 1270J 0.28J 0.354 26.5 374J
5090J 41.6 21 63.3J 51700J 2.7 3920J 1230J 0.26J 0.011U 24.7 324J
5317J 39.9 21.0 64.8J 45200J 2.6 3940J 1257J 0.33J 0.224U 25.0 342J
7570J 44.8 22.5 73.9J 45800J 3.3 4480J 1460J 0.99J 2.8 25.9 407J
7800J 48 23.8 76.4J 47100J 3.3 4710J 1560J 0.61J 2.88 27.2 430J
9100J 53.4 29.2 93.8J 58200J 3.5 6020J 1960J 0.63J 1.85 32.1 525J
8157J 48.7 25.2 81.4J 50367J 3.4 5070J 1660J 0.74J 2.51 28.4 454J
4790J 26.8 17 53.7J 33800J 1.9 3000J 979J 0.29J 0.164 19.5 258J
5030J 40.8 20.1 67J 43400J 2.9 3610J 1160J 0.47J 0.262 23.2 316J
6540J 36.8 27.6 67.3J 54700J 2.9 3820J 1530J 0.21J 0.011U 24.9 348J
5453J 34.8 21.6 62.7J 43967J 2.6 3477 1223J 0.32J 0.146U 22.5 307J

-- -- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- --

6040J 29.2 30.9 103J 53600J 4.8 8500J 1660J 4.9J 5.4 29.3 586J
5270J 26.3 29.2 93.4J 51100J 5.5 6950J 1590J 6.4J 6.85 27.1 528J
5370J 27.8 32.8 98.4J 64500J 4.8 8000J 1780J 4.2J 4.83 28.3 508J
5560J 27.8 31.0 98.3J 56400J 5.0 7817J 1677J 5.2J 5.69 28.2 541J
5860J 30.1 26.5 107J 58900J 4.8 7410J 1390J 6.5J 9.07 29.3 588J
6500J 25.9 25 118J 57800J 5.1 6390J 1400J 10J 9.28 29.2 623J
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Table 4.3-1 Total Metals Sediment Data - March 2013 Downstream Samples and October 2013 Background (Upstream) Samples

Analyte

Unit

Comparison Level

Sample type Sampling date
Sampling 
location

Sample ID

1013BBM-UFC1-C3-SE-62U 62µm Furnace Creek 10/9/2013
Average (UFC1-SE-62µm) 62µm Furnace Creek 10/9/2013

1013BBM-UFC1-C1-SE-BULK bulk Furnace Creek 10/9/2013
1013BBM-UFC1-C2-SE-BULK bulk Furnace Creek 10/9/2013
1013BBM-UFC1-C3-SE-BULK bulk Furnace Creek 10/9/2013

Average (UFC1-SE-bulk) bulk Furnace Creek 10/9/2013
1013BBM-UFC1-SE-005 5th sub-sample Furnace Creek 10/9/2013
1013BBM-UFC1-SE-015 15th sub-sample Furnace Creek 10/9/2013
1013BBM-UFC1-SE-025 25th sub-sample Furnace Creek 10/9/2013

Average (UFC1-SE-sub-sample) sub-sample Furnace Creek 10/9/2013

0313BBM-DC1-C1-SE-2MM 2mm Dennis Creek 3/10/2013
0313BBM-DC1-C2-SE-2MM 2mm Dennis Creek 3/10/2013
0313BBM-DC1-C3-SE-2MM 2mm Dennis Creek 3/10/2013

Average (DC1-SE-2mm) 2mm Dennis Creek 3/10/2013
0313BBM-DC1-C1-SE-64µ 64µm Dennis Creek 3/10/2013
0313BBM-DC1-C2-SE-64µ 64µm Dennis Creek 3/10/2013
0313BBM-DC1-C3-SE-64µ 64µm Dennis Creek 3/10/2013

Average (DC1-SE-64µ) 64µm Dennis Creek 3/10/2013
0313BBM-DC1-C1-SE-BULK bulk Dennis Creek 3/10/2013
0313BBM-DC1-C2-SE-BULK bulk Dennis Creek 3/10/2013
0313BBM-DC1-C3-SE-BULK bulk Dennis Creek 3/10/2013

Average (DC1-SE-bulk) bulk Dennis Creek 3/10/2013
0313BBM-DC1- SE-015 15th sub-sample Dennis Creek 3/10/2013
0313BBM-DC1-SE-008 8th sub-sample Dennis Creek 3/10/2013
0313BBM-DC1-SE-025 25th sub-sample Dennis Creek 3/10/2013

Average (DC1-SE-sub-sample) sub-sample Dennis Creek 3/10/2013
0313BBM-DC1-SE-315 15th sub-sample (dup) Dennis Creek 3/10/2013

0313BBM-FC1-C1-SE-2MM 2mm Furnace Creek 3/11/2013
0313BBM-FC1-C2-SE-2MM 2mm Furnace Creek 3/11/2013
0313BBM-FC1-C3-SE -2MM 2mm Furnace Creek 3/11/2013

Average (FC1-SE-2mm) 2mm Furnace Creek 3/11/2013
0313BBM-FC1-C1-SE-64µ 64µm Furnace Creek 3/11/2013
0313BBM-FC1-C2-SE-64µ 64µm Furnace Creek 3/11/2013
0313BBM-FC1-C3-SE-64µ 64µm Furnace Creek 3/11/2013

Average (FC1-SE-64µ) 64µm Furnace Creek 3/11/2013
0313BBM-FC1-C1-SE-BULK bulk Furnace Creek 3/11/2013
0313BBM-FC1-C2-SE-BULK bulk Furnace Creek 3/11/2013
0313BBM-FC1-C3-SE-BULK bulk Furnace Creek 3/11/2013

CALCIUM CHROMIUM COBALT COPPER IRON LEAD MAGNESIUM MANGANESE MERCURY
METHYL 

MERCURY
NICKEL POTASSIUM

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg ng/g mg/kg mg/kg

N/A 37.0 N/A 35.7 N/A 35.0 N/A 1100.0 0.2 N/A 18.0 N/A

5750J 24.3 24.3 109J 56000J 4.8 6370J 1430J 7J 6.7 27.7 558J
6037J 26.8 25.3 111J 57567J 4.9 6723J 1407J 8J 8.35 28.7 590J
5890J 27.7 29.1 96J 60200J 4.4 7470J 1830J 4.6J 5.13 26.7 536J
5960J 25.4 29.2 103J 49800J 4.5 8360J 1660J 5.6J 4.97 27.6 550J
5400J 27 30 101J 65200J 5.1 7390J 1580J 3.1J 5.95 27.2 529J
5750J 26.7 29.4 100J 58400J 4.7 7740J 1690J 4.4J 5.35 27.2 538J

-- -- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- --

4640J 39.1J 22.1 55.8J 38100J 2.9 3460J 1110J 172 1.16 23.5 270J
4500J 36.6J 22.4 58.5J 38700J 2.8 3400J 1170J 3.5 0.567 23.4 254J
4560J 41.6J 22.1 59.7J 40900J 2.3 3660J 1130J 8.7 0.344 25.3 266J
4567J 39.1J 22.2 58.0J 39223J 2.7 3507J 1137J 61.4 0.69 24.1 263J

-- -- -- -- -- -- -- -- 5.2 2.48 -- --
-- -- -- -- -- -- -- -- 8.3 3.11 -- --
-- -- -- -- -- -- -- -- 6.5 3.07 -- --
-- -- -- -- -- -- -- -- 6.70 2.9 -- --

4330J 37.8J 19 53.8J 40900J 2.6 3440J 980J 14.1 0.664 23.6 256J
3830J 37.2J 19 77.4J 39900J 2.3 2930J 925J 4.4 0.186 23.6 224J
4120J 36.6J 23.3 57J 50900J 2.5 3070J 1190J 1 0.945 26.1 248J
4093J 37.2J 20.4J 62.7J 43900J 2.5 3147J 1032J 6.5 0.598 24.4 243J

-- -- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- --

4970J 30.9J 27.9 104J 46400J 5.4 6270J 1400J 136 4.54 23.2 395J
4610J 31.3J 25.3 99.7J 46900J 5.5 6330J 1240J 148 4.66 22.8 383J
4960J 33.9J 27.7 106J 44000J 5.2 6300J 1440J 146 5.68 23.5 392J
4847J 32.0J 27.0 103.2J 45767J 5.40 6300J 1360J 143.00 4.96 23.20 390J

-- -- -- -- -- -- -- -- 199 7.38 -- --
-- -- -- -- -- -- -- -- 187 7.02 -- --
-- -- -- -- -- -- -- -- 199 7.82 -- --
-- -- -- -- -- -- -- -- 195 7.41 -- --

4170J 28.4J 24.4 109J 40200J 5.1 4570J 1240J 117 9.06 26.5 378J
5670J 34.4J 31.5 115J 47100J 6.5 7110J 1710J 158 9.55 25.6 441J
4470J 28.8J 30 100J 42600J 5.6 5250J 1700J 134 6.73 21.6 363J
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Table 4.3-1 Total Metals Sediment Data - March 2013 Downstream Samples and October 2013 Background (Upstream) Samples

Analyte

Unit

Comparison Level

Sample type Sampling date
Sampling 
location

Sample ID

Average (FC1-SE-bulk) bulk Furnace Creek 3/11/2013
0313BBM-FC1-SE-005 5th sub-sample Furnace Creek 3/11/2013
0313BBM-FC1-SE-016 16th sub-sample Furnace Creek 3/11/2013
0313BBM-FC1-SE-025 25th sub-sample Furnace Creek 3/11/2013

Average (FC1-SE-sub-sample) sub-sample Furnace Creek 3/11/2013
0313BBM-GD1-C1-SE-2MM 2mm Lower Garoutte 3/9/2013
0313BBM-GD1-C2-SE-2MM 2mm Lower Garoutte 3/9/2013
0313BBM-GD1-C3-SE-2MM 2mm Lower Garoutte 3/9/2013

Average (GD1-SE-2mm) 2mm Lower Garoutte 3/9/2013
0313BBM-GD1-C1-SE-64µ 64µm Lower Garoutte 3/9/2013
0313BBM-GD1-C2-SE-64µ 64µm Lower Garoutte 3/9/2013
0313BBM-GD1-C3-SE-64µ 64µm Lower Garoutte 3/9/2013

Average (GD1-SE-64µ) 64µm Lower Garoutte 3/9/2013
0313BBM-GD1-C1-SE-BULK bulk Lower Garoutte 3/9/2013
0313BBM-GD1-C2-SE-BULK bulk Lower Garoutte 3/9/2013
0313BBM-GD1-C3-SE-BULK bulk Lower Garoutte 3/9/2013

Average (GD1-SE-bulk) bulk Lower Garoutte 3/9/2013
0313BBM-GD1-SE-005 5th sub-sample Lower Garoutte 3/9/2013
0313BBM-GD1-SE-015 15th sub-sample Lower Garoutte 3/9/2013
0313BBM-GD1-SE-025 25th sub-sample Lower Garoutte 3/9/2013

Average (GD1-SE-sub-sample) 25th sub-sample Lower Garoutte 3/9/2013
0313BBM-GD1-SE-025 25th sub-sample Lower Garoutte 3/9/2013

* Notes :
- %: percent    - mg/kg: milligram per kilogram
- µm: micron    - mm: millimiter
- µmole/g: micromole per gram    - N/A: not available/not applicable
- AVS: acid volatile sulfide    - ng/g: nanogram per gram
- D: dissolved    - T: total
- ID: identification    - U: not detected
- J: estimated value    - Value exceeding screening level

CALCIUM CHROMIUM COBALT COPPER IRON LEAD MAGNESIUM MANGANESE MERCURY
METHYL 

MERCURY
NICKEL POTASSIUM

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg ng/g mg/kg mg/kg

N/A 37.0 N/A 35.7 N/A 35.0 N/A 1100.0 0.2 N/A 18.0 N/A

4770J 30.5J 28.60 108J 43300J 5.70 5643J 1550J 136.00 8.45 24.60 394J
-- -- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- --

6090J 30.5J 24.1 76.6J 41700J 2.6 5570J 1020J 1 0.802 18.3 516J
6100J 37.8J 22.7 82.4J 63500J 2.3 5950J 1120J 0.8 0.54 20.1 462J
5480J 28J 19.5 65J 42000J 2 5230J 953J 0.79 0.569 17 389J
5890J 32.1J 22.1 75J 49067J 2.3 5583J 1031J 0.86 0.637 18.5 456J

-- -- -- -- -- -- -- -- 3.8 3.96 -- --
-- -- -- -- -- -- -- -- 3.5 2.99 -- --
-- -- -- -- -- -- -- -- 5.1 3.48 -- --
-- -- -- -- -- -- -- -- 4.1 3.48 -- --

6030J 32.9J 22.7 80.1J 56800J 2.8 6330J 1170J 0.97 0.774 20.8 470J
6070J 34.9J 22.6 77.1J 53800J 2.8 6080J 1270J 0.74 1.02 20.2 465J
6140J 33.6J 23.7 99.7J 58700J 1.8 8900J 1050J 1.7 0.432 22.7 390J
6080J 33.8J 23 85.6J 56433J 2.5 7103J 1163J 1.1 0.742 21.2 442J

-- -- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- --
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Table 4.3-1 Total Metals Sediment Data - March 2013 Downstream Samples and October 2013 Background (Upstream) Samples

Analyte

Unit

Comparison Level

1013BBM-GU1-C1-SE-2MM 2mm Upper Garoutte 10/10/2013
1013BBM-GU1-C2-SE-2MM 2mm Upper Garoutte 10/10/2013
1013BBM-GU1-C3-SE-2MM 2mm Upper Garoutte 10/10/2013

Average (GU1-SE-2mm) 2mm Upper Garoutte 10/10/2013
1013BBM-GU1-C1-SE-62U 62µm Upper Garoutte 10/10/2013
1013BBM-GU1-C2-SE-62U 62µm Upper Garoutte 10/10/2013
1013BBM-GU1-C3-SE-62U 62µm Upper Garoutte 10/10/2013
Average (GU1-SE-62µm) 62µm Upper Garoutte 10/10/2013

1013BBM-GU1-C1-SE-BULK bulk Upper Garoutte 10/10/2013
1013BBM-GU1-C2-SE-BULK bulk Upper Garoutte 10/10/2013
1013BBM-GU1-C3-SE-BULK bulk Upper Garoutte 10/10/2013

Average (GU1-SE-bulk) bulk Upper Garoutte 10/10/2013
1013BBM-GU1-SE-005 5th sub-sample Upper Garoutte 10/10/2013

1013BBBM-GU1-SE-015 15th sub-sample Upper Garoutte 10/10/2013
1013BBM-GU1-SE-025 25th sub-sample Upper Garoutte 10/10/2013

Average (GU1-SE-sub-sample) sub-sample Upper Garoutte 10/10/2013
1013BBM-GU1-SE-305 5th sub-sample (dup) Upper Garoutte 10/10/2013

1013BBM-UDC1-C1-SE-2MM 2mm Dennis Creek 10/8/2013
1013BBM-UDC1-C2-SE-2MM 2mm Dennis Creek 10/8/2013
1013BBM-UDC1-C3-SE-2MM 2mm Dennis Creek 10/8/2013

Average (UDC1-SE-2mm) 2mm Dennis Creek 10/8/2013
1013BBM-UDC1-C1-SE-62U 62µm Dennis Creek 10/8/2013
1013BBM-UDC1-C2-SE-62U 62µm Dennis Creek 10/8/2013
1013BBM-UDC1-C3-SE-62U 62µm Dennis Creek 10/8/2013
Average (UDC1-SE-62µm) 62µm Dennis Creek 10/8/2013

1013BBM-UDC1-C1-SE-BULK bulk Dennis Creek 10/8/2013
1013BBM-UDC1-C2-SE-BULK bulk Dennis Creek 10/8/2013
1013BBM-UDC1-C3-SE-BULK bulk Dennis Creek 10/8/2013

Average (UDC1-SE-bulk) bulk Dennis Creek 10/8/2013
1013BBM-UDC1-SE-006 6th sub-sample Dennis Creek 10/8/2013
1013BBM-UDC1-SE-014 14th sub-sample Dennis Creek 10/8/2013
1013BBM-UDC1-SE-024 24th sub-sample Dennis Creek 10/8/2013

Average (UDC1-SE-sub-sample) sub-sample Dennis Creek 10/8/2013
1013BBM-UFC1-C1-SE-2MM 2mm Furnace Creek 10/9/2013
1013BBM-UFC1-C2-SE-2MM 2mm Furnace Creek 10/9/2013
1013BBM-UFC1-C3-SE-2MM 2mm Furnace Creek 10/9/2013

Average (UFC1-SE-2mm) 2mm Furnace Creek 10/9/2013
1013BBM-UFC1-C1-SE-62U 62µm Furnace Creek 10/9/2013
1013BBM-UFC1-C2-SE-62U 62µm Furnace Creek 10/9/2013

Sample type Sampling date
Sampling 
location

Sample ID

SELENIUM SILVER SODIUM SULFATE THALLIUM
TOTAL ORGANIC 

CARBON
TOTAL SOLIDS VANADIUM ZINC SULFIDE

mg/kg mg/kg mg/kg
mg/kg (wet 

weight)
mg/kg

mg/kg (wet 
weight)

% mg/kg mg/kg mg/kg

0.1 4.5 N/A N/A 0.7 N/A N/A N/A 123.0 N/A

3.4U 1.4U 273J N/A 0.68U N/A 73.01 114 80.1 --
3.5U 1.4U 309J N/A 0.69U N/A 72.92 124 79.6 --
3.5U 1.4U 301J N/A 0.7U N/A 72.16 122 80.4 --
3.5U 1.4U 294J N/A 0.69U N/A 72.70 120 80.0 --
0.31J 2.4U 277J N/A 1.2U N/A 43.03 135 94.7 --
5.4U 2.2U 272J N/A 1.1U N/A 43.23 140 98 --
6.5U 2.5U 250J N/A 1.3U N/A 43.06 138 93.6 --
4.1U 2.4U 266J N/A 1.2U N/A 43.11 138 95 --
3.4U 1.4U 281J N/A 0.69U N/A 72.56 123 81.4 --
3.4U 1.4U 317J N/A 0.68U N/A 73.73 122 82.1 --
3.6U 1.5U 269J N/A 0.73U N/A 72.71 117 79.3 --
3.5U 1.4U 289J N/A 0.7U N/A 73.00 121 80.9 --

-- -- -- N/A -- N/A 41.9 -- -- 0.067U
-- -- -- N/A -- N/A 32.4 -- -- 0.084U
-- -- -- N/A -- N/A 69.1 -- -- 0.031U
-- -- -- N/A -- N/A 47.8 -- -- 0.061U
-- -- -- N/A -- N/A 51 -- -- 0.049

3.5U 1.4U 186J N/A 0.71U N/A 70.44 102 67.8 --
3.6U 1.4U 205J N/A 0.72U N/A 68.29 105 67.9 --
3.4U 1.4U 197J N/A 0.69U N/A 70.9 113 70.9 --
3.5U 1.4U 196J N/A 0.71U N/A 69.9 107 68.9 --
4.9U 1.9U 170J N/A 0.98U N/A 42.54 104 66.9 --
4.9U 1.9U 181J N/A 0.98U N/A 45 110 70.1 --
5.3U 2.1U 219J N/A 1.1U N/A 47.33 129 83.2 --
5.0U 2.0U 190J N/A 1.02U N/A 44.96 114 73.4 --
2.9U 1.2U 125J N/A 0.58U N/A 72.56 74.8 51.3 --
3.7U 1.5U 166J N/A 0.73U N/A 71.23 110 64.2 --
3.5U 1.4U 216J N/A 0.71U N/A 71.21 109 64.4 --
3.4U 1.4U 169J N/A 0.67U N/A 71.67 98 60.0 --

-- -- -- N/A -- N/A 73.1 -- -- 0.029U
-- -- -- N/A -- N/A 47 -- -- 0.045U
-- -- -- N/A -- N/A 67.1 -- -- 0.025U
-- -- -- N/A -- N/A 62.4 -- -- 0.033U

4.5U 1.8U 265J N/A 0.91U N/A 51.59 156 75.5 --
4.5U 1.8U 239J N/A 0.91U N/A 50.66 151 70.7 --
4.4U 1.8U 234J N/A 0.89U N/A 53.73 156 73 --
4.5U 1.8U 246J N/A 0.90U N/A 51.99 154 73.1 --
5.1U 2U 179J N/A 1U N/A 48.27 160 81.1 --
0.28J 2.4U 147J N/A 1.2U N/A 51.72 143 60.6 --
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Table 4.3-1 Total Metals Sediment Data - March 2013 Downstream Samples and October 2013 Background (Upstream) Samples

Analyte

Unit

Comparison Level

Sample type Sampling date
Sampling 
location

Sample ID

1013BBM-UFC1-C3-SE-62U 62µm Furnace Creek 10/9/2013
Average (UFC1-SE-62µm) 62µm Furnace Creek 10/9/2013

1013BBM-UFC1-C1-SE-BULK bulk Furnace Creek 10/9/2013
1013BBM-UFC1-C2-SE-BULK bulk Furnace Creek 10/9/2013
1013BBM-UFC1-C3-SE-BULK bulk Furnace Creek 10/9/2013

Average (UFC1-SE-bulk) bulk Furnace Creek 10/9/2013
1013BBM-UFC1-SE-005 5th sub-sample Furnace Creek 10/9/2013
1013BBM-UFC1-SE-015 15th sub-sample Furnace Creek 10/9/2013
1013BBM-UFC1-SE-025 25th sub-sample Furnace Creek 10/9/2013

Average (UFC1-SE-sub-sample) sub-sample Furnace Creek 10/9/2013

0313BBM-DC1-C1-SE-2MM 2mm Dennis Creek 3/10/2013
0313BBM-DC1-C2-SE-2MM 2mm Dennis Creek 3/10/2013
0313BBM-DC1-C3-SE-2MM 2mm Dennis Creek 3/10/2013

Average (DC1-SE-2mm) 2mm Dennis Creek 3/10/2013
0313BBM-DC1-C1-SE-64µ 64µm Dennis Creek 3/10/2013
0313BBM-DC1-C2-SE-64µ 64µm Dennis Creek 3/10/2013
0313BBM-DC1-C3-SE-64µ 64µm Dennis Creek 3/10/2013

Average (DC1-SE-64µ) 64µm Dennis Creek 3/10/2013
0313BBM-DC1-C1-SE-BULK bulk Dennis Creek 3/10/2013
0313BBM-DC1-C2-SE-BULK bulk Dennis Creek 3/10/2013
0313BBM-DC1-C3-SE-BULK bulk Dennis Creek 3/10/2013

Average (DC1-SE-bulk) bulk Dennis Creek 3/10/2013
0313BBM-DC1- SE-015 15th sub-sample Dennis Creek 3/10/2013
0313BBM-DC1-SE-008 8th sub-sample Dennis Creek 3/10/2013
0313BBM-DC1-SE-025 25th sub-sample Dennis Creek 3/10/2013

Average (DC1-SE-sub-sample) sub-sample Dennis Creek 3/10/2013
0313BBM-DC1-SE-315 15th sub-sample (dup) Dennis Creek 3/10/2013

0313BBM-FC1-C1-SE-2MM 2mm Furnace Creek 3/11/2013
0313BBM-FC1-C2-SE-2MM 2mm Furnace Creek 3/11/2013
0313BBM-FC1-C3-SE -2MM 2mm Furnace Creek 3/11/2013

Average (FC1-SE-2mm) 2mm Furnace Creek 3/11/2013
0313BBM-FC1-C1-SE-64µ 64µm Furnace Creek 3/11/2013
0313BBM-FC1-C2-SE-64µ 64µm Furnace Creek 3/11/2013
0313BBM-FC1-C3-SE-64µ 64µm Furnace Creek 3/11/2013

Average (FC1-SE-64µ) 64µm Furnace Creek 3/11/2013
0313BBM-FC1-C1-SE-BULK bulk Furnace Creek 3/11/2013
0313BBM-FC1-C2-SE-BULK bulk Furnace Creek 3/11/2013
0313BBM-FC1-C3-SE-BULK bulk Furnace Creek 3/11/2013

SELENIUM SILVER SODIUM SULFATE THALLIUM
TOTAL ORGANIC 

CARBON
TOTAL SOLIDS VANADIUM ZINC SULFIDE

mg/kg mg/kg mg/kg
mg/kg (wet 

weight)
mg/kg

mg/kg (wet 
weight)

% mg/kg mg/kg mg/kg

0.1 4.5 N/A N/A 0.7 N/A N/A N/A 123.0 N/A

0.32J 2.2U 134J N/A 1.1U N/A 50.6 135 58.7 --
1.9U 2.2U 153J N/A 1.1U N/A 50.20 146 66.8 --
4.4U 1.7U 238J N/A 0.88U N/A 54.84 153 71.7 --
4.3U 1.7U 230J N/A 0.87U N/A 53.98 147 70.9 --
4.4U 1.8U 215J N/A 0.87U N/A 53.59 161 68.9 --
4.4U 1.7U 228J N/A 0.87U N/A 54.14 154 70.5 --

-- -- -- N/A -- N/A 33.2 -- -- 0.081U
-- -- -- N/A -- N/A 64.7 -- -- 0.033U
-- -- -- N/A -- N/A 53.5 -- -- 0.051U
-- -- -- N/A -- N/A 50 -- -- 0.055U

3.5UJ 1.4U 157J -- 0.7U 5990 65.47 93.6J 66.4 --
3.5UJ 1.4U 149J -- 0.7U 6370 69.27 96.9J 65 --
3.5UJ 1.4U 140J -- 0.69U 4290 69.71 110J 72.2 --
3.5UJ 1.4U 149J -- 0.70U 5550 68.15 100.2J 67.9 --

-- -- -- -- -- 22000 38.42 -- -- --
-- -- -- -- -- 27200 45.53 -- -- --
-- -- -- -- -- 24700 39.35 -- -- --
-- -- -- -- -- 24633 41.1 -- -- --

3.5UJ 1.4U 150J -- 0.7U 4820 68.09 91.9J 63 --
3.3UJ 1.4U 118J -- 0.67U 4620 71.97 98.9J 65 --
3.5UJ 1.4U 110J -- 0.7U 3670 66.97 97.2J 70.5 --
3.4UJ 1.4U 126J -- 0.69U 4370 69.01 96.0J 66.2 --

-- -- -- 32.4 -- -- 61.3 -- -- --
-- -- -- 44.2 -- -- 64.9 -- -- --
-- -- -- 26.4 -- -- 66.4 -- -- --
-- -- -- 34.3 -- -- 64.2 -- -- --
-- -- -- 31.7 -- -- 64.2 -- -- --

4.6UJ 1.9U 106J -- 0.92U 23900 58.48 125J 84.8 --
4.2UJ 1.7U 100J -- 0.85U 26600 61.67 129J 85.3 --
4.4UJ 1.8U 102J -- 0.88U 19700 54.17 126J 84.7 --
4.4UJ 1.8U 103J -- 0.88U 23400 58.11 127J 85.00 --

-- -- -- -- -- 17500 46.16 -- -- --
-- -- -- -- -- 26500 49.16 -- -- --
-- -- -- -- -- 25200 45.78 -- -- --
-- -- -- -- -- 23067 47.03 -- -- --

3.9UJ 1.6U 103J -- 0.77U 30200 50.96 119J 72.8 --
4.9UJ 2U 120J -- 0.98U 28300 51.44 141J 93.7 --
4.1UJ 1.7U 94J -- 0.83U 35500 59.21 122J 79.5 --
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Table 4.3-1 Total Metals Sediment Data - March 2013 Downstream Samples and October 2013 Background (Upstream) Samples

Analyte

Unit

Comparison Level

Sample type Sampling date
Sampling 
location

Sample ID

Average (FC1-SE-bulk) bulk Furnace Creek 3/11/2013
0313BBM-FC1-SE-005 5th sub-sample Furnace Creek 3/11/2013
0313BBM-FC1-SE-016 16th sub-sample Furnace Creek 3/11/2013
0313BBM-FC1-SE-025 25th sub-sample Furnace Creek 3/11/2013

Average (FC1-SE-sub-sample) sub-sample Furnace Creek 3/11/2013
0313BBM-GD1-C1-SE-2MM 2mm Lower Garoutte 3/9/2013
0313BBM-GD1-C2-SE-2MM 2mm Lower Garoutte 3/9/2013
0313BBM-GD1-C3-SE-2MM 2mm Lower Garoutte 3/9/2013

Average (GD1-SE-2mm) 2mm Lower Garoutte 3/9/2013
0313BBM-GD1-C1-SE-64µ 64µm Lower Garoutte 3/9/2013
0313BBM-GD1-C2-SE-64µ 64µm Lower Garoutte 3/9/2013
0313BBM-GD1-C3-SE-64µ 64µm Lower Garoutte 3/9/2013

Average (GD1-SE-64µ) 64µm Lower Garoutte 3/9/2013
0313BBM-GD1-C1-SE-BULK bulk Lower Garoutte 3/9/2013
0313BBM-GD1-C2-SE-BULK bulk Lower Garoutte 3/9/2013
0313BBM-GD1-C3-SE-BULK bulk Lower Garoutte 3/9/2013

Average (GD1-SE-bulk) bulk Lower Garoutte 3/9/2013
0313BBM-GD1-SE-005 5th sub-sample Lower Garoutte 3/9/2013
0313BBM-GD1-SE-015 15th sub-sample Lower Garoutte 3/9/2013
0313BBM-GD1-SE-025 25th sub-sample Lower Garoutte 3/9/2013

Average (GD1-SE-sub-sample) 25th sub-sample Lower Garoutte 3/9/2013
0313BBM-GD1-SE-025 25th sub-sample Lower Garoutte 3/9/2013

* Notes :
- %: percent    - mg/kg: milligram per kilogram
- µm: micron    - mm: millimiter
- µmole/g: micromole per gram    - N/A: not available/not applicable
- AVS: acid volatile sulfide    - ng/g: nanogram per gram
- D: dissolved    - T: total
- ID: identification    - U: not detected
- J: estimated value    - Value exceeding screening level

SELENIUM SILVER SODIUM SULFATE THALLIUM
TOTAL ORGANIC 

CARBON
TOTAL SOLIDS VANADIUM ZINC SULFIDE

mg/kg mg/kg mg/kg
mg/kg (wet 

weight)
mg/kg

mg/kg (wet 
weight)

% mg/kg mg/kg mg/kg

0.1 4.5 N/A N/A 0.7 N/A N/A N/A 123.0 N/A

4.3UJ 1.8U 106J -- 0.86U 31333.00 53.87 127J 82.00 --
-- -- -- 28.2 -- -- 56.9 -- -- --
-- -- -- 19.2 -- -- 66.1 -- -- --
-- -- -- 43.5 -- -- 39 -- -- --
-- -- -- 30.30 -- -- 54 -- -- --

3.8UJ 1.5U 236J -- 0.76U 6690 65.54 114J 79.7 --
3.7UJ 1.5U 276J -- 0.73U 5100 68.81 133J 84.7 --
3.6UJ 1.5U 197J -- 0.72U 5450 69.15 105J 71 --
3.7UJ 1.5U 236J -- 0.74U 5747 67.83 117J 78.5 --

-- -- -- -- -- 28200 44.48 -- -- --
-- -- -- -- -- 28900 51.81 -- -- --
-- -- -- -- -- 21300 45.57 -- -- --
-- -- -- -- -- 26133 47.29 -- -- --

3.9UJ 1.6U 229J -- 0.78U 5160 62.68 122J 85.9 --
3.7UJ 1.5U 206J -- 0.74U 8170 63.74 123J 85.8 --
3.5UJ 1.4U 266J -- 0.7U 7340 67.17 119J 74.6 --
3.7UJ 1.5U 234J -- 0.74U 6890 64.53 121J 82.1 --

-- -- -- 368 -- -- 48.2 -- -- --
-- -- -- 11.5 -- -- 63.9 -- -- --
-- -- -- 13.1 -- -- 75.4 -- -- --
-- -- -- 131 -- -- 62.5 -- -- --
-- -- -- 13.1 -- -- 75.4 -- -- --





Table 4.4-1 Atmospheric Deposition Data - Total Low Level Mercury, Total TAL Metals and Common Ions
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Sample ID: 0313BBM-PR-001
Sampling Location: Site ACM Collector
Sampling Date: 3/7/2013

Analyte ALKALINITY ALUMINUM ANTIMONY ARSENIC BARIUM BERYLLIUM CADMIUM CALCIUM CHLORIDE CHROMIUM
Unit mg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L mg/L µg/L

Comparison level NA 87 1600 150 4 5.3 0.25 116000 860 11

5U 20UJ 60U 1U 10U 5U 1U 5000U 0.06U 2U

Analytes Continued Below

Analyte COBALT COPPER FLUORIDE IRON LEAD MAGNESIUM MANGANESE MERCURY
METHYL 

MERCURY
NICKEL

Unit µg/L µg/L mg/L µg/L µg/L µg/L µg/L ng/L ng/L µg/L

Comparison level 23 9 NA 1000 2.5 82000 120 770 50000 52

1U 2U 0.04U 100U 1U 5000U 15U 3.09FB-1631 0.144 1U

Analytes Continued Below

Analyte
NITRATE + 

NITRITE
POTASSIUM SELENIUM SILVER SODIUM SULFATE THALLIUM VANADIUM ZINC

Unit mg/L µg/L µg/L µg/L µg/L mg/L µg/L µg/L µg/L

Comparison level 52 53000 5 0.12 680000 NA 40 20 120

0.0555 5000U 5U 1U 5000U 0.3U 1U 5U 2U
* Notes :

- µg/L: microgram per liter
- D: dissolved
- J: estimated value
- mg/L: milligram per liter
- NA: not available/not applicable
- ng/L: nanogram per liter
- T: total
- U: not detected
- Highlighted cells reflect values that 

are greater than the screening level 
value
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Table 4.5-1 Laboratory Groundwater Data - August 2013

Analyte Unit Comparison Criteria Result Q Result Q Result Q Result Q
ALKALINITY, CARBONATE (AS CACO3) mg/l N/A -- -- 47 -- -- -- 111 --
ALUMINUM ug/l N/A 200 U -- -- 200 U -- --
ANTIMONY ug/l N/A 2 U -- -- 2 U -- --
ARSENIC ug/l 50 0.71 J -- -- 1 -- -- --
BARIUM ug/l 1000 200 U -- -- 200 U -- --
BERYLLIUM ug/l N/A 5 U -- -- 5 U -- --
CADMIUM ug/l 10 5 U -- -- 5 U -- --
CALCIUM ug/l N/A 12600 -- -- -- 29900 -- -- --
Chloride mg/l 250 -- -- 2.21 -- -- -- 2.33 --
CHROMIUM ug/l 50 10 U -- -- 10 U -- --
COBALT ug/l N/A 1 U -- -- 1 U -- --
COPPER ug/l 1000 25 U -- -- 25 U -- --
DOC mg/l N/A 0.86 J+ -- -- 0.74 J+ -- --
FLUORIDE mg/l 4 -- -- 0.04 U -- -- 0.0597 --
IRON ug/l 3000 29.4 J -- -- 28.4 J -- --
LEAD ug/l 50 1 U -- -- 1 U -- --
MAGNESIUM ug/l N/A 2640 J -- -- 6950 -- -- --
MANGANESE ug/l 50 17.7 -- -- -- 170 -- -- --
MERCURY (low level) ng/l 2000 2.46 U -- -- 1.19 U -- --
METHYL MERCURY ng/l N/A -- -- -- -- 0.05 U -- --
NICKEL ug/l N/A 1.2 J -- -- 40 U -- --
Nitrate+Nitrite as N mg/l 10 -- -- 0.0504 -- -- -- 0.05 U
POTASSIUM ug/l N/A 5000 U -- -- 5000 U -- --
SELENIUM ug/l 10 35 U -- -- 35 U -- --
SILVER ug/l 50 10 U -- -- 10 U -- --
SODIUM ug/l N/A 5510 -- -- -- 8570 -- -- --
Sulfate mg/l 250 -- -- 1.59 -- -- -- 1.78 --
THALLIUM ug/l N/A 1 U -- -- 1 U -- --
Total Dissolved Solids mg/l 500 -- -- 68 -- -- -- 142 --
VANADIUM ug/l N/A 50 U -- -- 50 U -- --
ZINC ug/l 5000 60 U -- -- 9.7 J -- --
* Notes :
   - /cm: per centimeter
   - µg/L: microgram per liter
   - D: dissolved
   - DOC: dissolved organic carbon
   - J: estimated value
   - mg/L: milligram per liter
   - ng/L: nanogram per liter
   - T: total
   - U: not detected

   - Highlighted cells reflect values that are greater than the comparison level value

Total/Dissolved D T D T
Sample Date 8/15/2013 8/15/2013 8/15/2013 8/15/2013

Sample
0813BBM-MW-12-

GW-009.75
0813BBM-MW-12-

GW-009.75
0813BBM-MW-13-

GW-018.45
0813BBM-MW-13-

GW-018.45
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Table 4.5-1 Laboratory Groundwater Data - August 2013

Analyte Unit Comparison Criteria
ALKALINITY, CARBONATE (AS CACO3) mg/l N/A
ALUMINUM ug/l N/A
ANTIMONY ug/l N/A
ARSENIC ug/l 50
BARIUM ug/l 1000
BERYLLIUM ug/l N/A
CADMIUM ug/l 10
CALCIUM ug/l N/A
Chloride mg/l 250
CHROMIUM ug/l 50
COBALT ug/l N/A
COPPER ug/l 1000
DOC mg/l N/A
FLUORIDE mg/l 4
IRON ug/l 3000
LEAD ug/l 50
MAGNESIUM ug/l N/A
MANGANESE ug/l 50
MERCURY (low level) ng/l 2000
METHYL MERCURY ng/l N/A
NICKEL ug/l N/A
Nitrate+Nitrite as N mg/l 10
POTASSIUM ug/l N/A
SELENIUM ug/l 10
SILVER ug/l 50
SODIUM ug/l N/A
Sulfate mg/l 250
THALLIUM ug/l N/A
Total Dissolved Solids mg/l 500
VANADIUM ug/l N/A
ZINC ug/l 5000
* Notes :
   - /cm: per centimeter
   - µg/L: microgram per liter
   - D: dissolved
   - DOC: dissolved organic carbon
   - J: estimated value
   - mg/L: milligram per liter
   - ng/L: nanogram per liter
   - T: total
   - U: not detected

   - Highlighted cells reflect values that are greater than the comparison  

Total/Dissolved
Sample Date

Sample

Result Q Result Q Result Q Result Q Result Q Result Q Result Q
-- -- 38.2 -- -- -- 63.2 -- -- -- 128 -- -- --

33.7 J -- -- 200 U -- -- 200 U -- -- 200 U
2 U -- -- 2 U -- -- 2 U -- -- 2 U

0.39 J -- -- 13.6 -- -- -- 16.1 -- -- -- 15.6 --
200 U -- -- 200 U -- -- 200 U -- -- 200 U

5 U -- -- 5 U -- -- 5 U -- -- 5 U
5 U -- -- 5 U -- -- 5 U -- -- 5 U

32500 -- -- -- 24500 -- -- -- 34400 -- -- -- 34800 --
-- -- 2.2 -- -- -- 2.03 -- -- -- 2.84 -- -- --
10 U -- -- 10 U -- -- 10 U -- -- 10 U
1 U -- -- 2.2 -- -- -- 1.1 -- -- -- 1.1 --

25 U -- -- 25 U -- -- 25 U -- -- 25 U
0.76 J+ -- -- 0.89 J+ -- -- 0.76 J+ -- -- 0.67 J+

-- -- 0.04 U -- -- 0.04 U -- -- 0.0918 -- -- --
51.3 J -- -- 5090 -- -- -- 1240 -- -- -- 1260 --

1 U -- -- 1 U -- -- 1 U -- -- 1 U
7810 -- -- -- 5870 -- -- -- 6140 -- -- -- 6210 --
72.2 -- -- -- 427 -- -- -- 204 -- -- -- 203 --
1.68 U -- -- 2.44 U -- -- 2.11 U -- -- 2.22 U

-- -- -- -- -- -- -- -- 0.23 -- -- -- 0.254 --
40 U -- -- 2.3 J -- -- 0.45 J -- -- 0.59 J
-- -- 0.0513 -- -- -- 0.05 U -- -- 0.05 U -- --

5000 U -- -- 5000 U -- -- 5000 U -- -- 5000 U
35 U -- -- 35 U -- -- 35 U -- -- 35 U
10 U -- -- 0.64 J -- -- 10 U -- -- 10 U

5300 -- -- -- 7290 -- -- -- 11200 -- -- -- 11400 --
-- -- 82.3 -- -- -- 37.4 -- -- -- 3.27 -- -- --
1 U -- -- 1 U -- -- 1 U -- -- 1 U
-- -- 204 -- -- -- 152 -- -- -- 168 -- -- --
50 U -- -- 50 U -- -- 50 U -- -- 50 U
60 U -- -- 60 U -- -- 60 U -- -- 60 U

8/13/2013
DT D T D T

8/12/2013 8/12/2013 8/12/2013 8/12/2013

0813BBM-MW-5-GW-
318.8

0813BBM-MW-2-GW-
017.9

0813BBM-MW-2-GW-
017.9

0813BBM-MW-3-GW-
018

0813BBM-MW-3-GW-
018

0813BBM-MW-5-GW-
018.8

0813BBM-MW-5-GW-
018.8

D
8/13/2013 8/13/2013



3 of 3

Table 4.5-1 Laboratory Groundwater Data - August 2013

Analyte Unit Comparison Criteria
ALKALINITY, CARBONATE (AS CACO3) mg/l N/A
ALUMINUM ug/l N/A
ANTIMONY ug/l N/A
ARSENIC ug/l 50
BARIUM ug/l 1000
BERYLLIUM ug/l N/A
CADMIUM ug/l 10
CALCIUM ug/l N/A
Chloride mg/l 250
CHROMIUM ug/l 50
COBALT ug/l N/A
COPPER ug/l 1000
DOC mg/l N/A
FLUORIDE mg/l 4
IRON ug/l 3000
LEAD ug/l 50
MAGNESIUM ug/l N/A
MANGANESE ug/l 50
MERCURY (low level) ng/l 2000
METHYL MERCURY ng/l N/A
NICKEL ug/l N/A
Nitrate+Nitrite as N mg/l 10
POTASSIUM ug/l N/A
SELENIUM ug/l 10
SILVER ug/l 50
SODIUM ug/l N/A
Sulfate mg/l 250
THALLIUM ug/l N/A
Total Dissolved Solids mg/l 500
VANADIUM ug/l N/A
ZINC ug/l 5000
* Notes :
   - /cm: per centimeter
   - µg/L: microgram per liter
   - D: dissolved
   - DOC: dissolved organic carbon
   - J: estimated value
   - mg/L: milligram per liter
   - ng/L: nanogram per liter
   - T: total
   - U: not detected

   - Highlighted cells reflect values that are greater than the comparison  

Total/Dissolved
Sample Date

Sample

Result Q Result Q Result Q Result Q Result Q Result Q Result Q
129 -- -- -- 32.7 -- -- -- 93.2 -- -- -- 44 --

-- -- 200 U -- -- 200 U -- -- 200 U --
-- -- 2 U -- -- 2 U -- -- 2 U --
-- -- 0.51 J -- -- 2.6 -- -- -- 0.56 J --
-- -- 200 U -- -- 200 U -- -- 200 U --
-- -- 5 U -- -- 5 U -- -- 5 U --
-- -- 5 U -- -- 5 U -- -- 5 U --
-- -- 33800 -- -- -- 28200 -- -- -- 10400 -- --

2.83 -- -- -- 1.12 -- -- -- 1.47 -- -- -- 1.79
-- -- 10 U -- -- 10 U -- -- 10 U --
-- -- 6.6 -- -- -- 2.1 -- -- -- 2.3 -- --
-- -- 25 U -- -- 25 U -- -- 25 U --
-- -- 0.68 J+ -- -- 0.88 J+ -- -- 0.63 J+ --

0.0919 -- -- -- 0.04 U -- -- 0.0639 -- -- -- 0.0907
-- -- 41.8 J -- -- 694 -- -- -- 62.8 J --
-- -- 1 U -- -- 1 U -- -- 1 U --
-- -- 21100 -- -- -- 5670 -- -- -- 2660 J --
-- -- 1390 -- -- -- 505 -- -- -- 201 -- --
-- -- 1.11 U -- -- 3.41 U -- -- 20.7 -- -- --
-- -- 0.052 U -- -- 0.602 -- -- -- 0.05 U --
-- -- 7.7 J -- -- 0.92 J -- -- 31.9 J --

0.05 U -- -- 0.247 -- -- -- 0.05 U -- -- 0.11
-- -- 5000 U -- -- 5000 U -- -- 5000 U --
-- -- 35 U -- -- 35 U -- -- 35 U --
-- -- 10 U -- -- 10 U -- -- 10 U --
-- -- 8520 -- -- -- 6830 -- -- -- 9710 -- --

3.19 -- -- -- 156 -- -- -- 8.9 -- -- -- 18.5
-- -- 1 U -- -- 1 U -- -- 1 U --

172 -- -- -- 304 -- -- -- 136 -- -- -- 96
-- -- 50 U -- -- 50 U -- -- 50 U --
-- -- 10.1 J -- -- 60 U -- -- 60 U --

TT D T D T D
8/14/2013 8/14/2013 8/14/2013 8/14/20138/13/2013 8/13/20138/13/2013

0813BBM-MW-8-GW-
009

0813BBM-MW-5-GW-
318.8

0813BBM-MW-6-GW-
013

0813BBM-MW-6-GW-
013

0813BBM-MW-7-GW-
018

0813BBM-MW-7-GW-
018

0813BBM-MW-8-GW-
009
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Table 4.5-2 Groundwater Field Water Quality Data - August 2013
Sampling 
location

Sampling date
Depth to water 

(ft) Temp (oC) pH (SU) Turbidity (NTU) Cond. (µS/cm) D.O. (mg/L) ORP  (mV)

MW11 8/13/2013 22.48 13.17 6.42 412 271 2 28.3
MW12 8/13/2013 #N/A 15.67 6.39 1.7 110 59.4 146.9
MW13 8/15/2013 8.37 13.86 6.53 3.72 237 2.19 90.2
MW2 8/12/2013 8.08 13.47 5.55 1.86 271 3.29 277
MW3 8/12/2013 12.4 11.48 5.88 1.08 226 0.83 125.9
MW4 8/13/2013 13.6 11.94 5.29 5.21 67 1.08 297.8
MW5 8/13/2013 13.83 10.74 6.91 8.98 284 0.58 -60.1
MW6 8/13/2013 8.19 12.78 5.98 5.02 408 1.55 266.6
MW7 8/14/2013 16.77 11.61 5.95 0.59 138 3.17 98.7
MW8 8/14/2013 #N/A 15.95 6.02 22.9 110 #N/A 203.4
*Notes :

- µS/cm: microSiemen per centimeter
- oC: degree Celsius
- Cond.: conductivity
- D.O.: dissolved oxygen
- ft: foot
- mg/L: milligram per liter
- mV: millivolt
- MW: monitoring well
- NTU: Nephelometric Turbidity Unit
- ORP: oxidation-reduction potential
- SU: standard unit



Notes: 1- Samples were not collected from within the screened interval for MW-1 and MW-2. Average soil mercury 
concentrations for MW-1 and MW-2 were estimated using samples collected as near the screened interval of the 
monitoring well as possible. 
 

Table 4.6-1. Estimation of BBM Specific Partition Coefficients from Mercury Concentration in Shallow 
Groundwater Samples and in Subsurface Soil 

Well Location 
Screening 

Interval (ft bgs) 

Shallow 
Groundwa

ter Hg 
(ng/l) 

Average Soil Hg 
for Screened 

Interval (mg/kg) 

Partition 
Coefficient, Kd 

(L/kg) 

MW2 Garoutte Downstream of BBM 5 to 15 1.7 0.51 3.2E+05 

MW3 
Dennis Creek above Garoutte 
confluence 

10 to 15 2.4 2.11 8.4E+05 

MW4 
Garoutte Creek between 
Dennis and Furnace Creeks 

5 to 15 1.1 0.2 1.6E+05 

MW5 
Garoutte Creek between 
Dennis and Furnace Creeks 

5 to 15 2.1 1.1 5.1E+05 

MW6 Dennis Creek tailings area 5 to 10 1.1 2.7 2.4E+06 

MW7 Downstream of tailings area 5 to 15 3.4 2.6 7.6E+05 

MW8 
Garoutte Creek below 
Furnace Creek confluence 

 20.7 n/a n/a 

MW12 
Garoutte Creek above 
Furnace Creek confluence 

 2.5 n/a n/a 

MW13 Background 5 to 15 1.2 0.1 7.4E+04 
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Section 5  
Risk Assessment 

5.1 Ecological Risk Assessment 
An ecological assessment was conducted by CDM Smith biologist, during the August 2013 field event. 
A CDM Smith Senior Human Health Risk Assessor was also present for a site reconnaissance on August 
15, 2013. The site reconnaissance included visual observation of the mine site, including the New 
Furnace structures, mine tailings,  potable water supply, and surface water drainages.  Visits 
were also conducted at locations on the Coast Fork Willamette River downstream of the Black Butte 
Mine Site, Cottage Grove Reservoir, and Dorena Lake. 

The ecological assessment consisted of observations of vegetation communities, habitat types and 
quality, and wildlife (visual, hearing, and sign, including scat, tracks, etc.). Observations were noted in 
a field log book and the EPA Ecological Checklist was completed. The main purpose of the ecological 
assessment was to identify potential ecological receptors and pathways for exposure to site 
contaminants. 

5.1.1 Status/Work Conducted to Date 
The BERA Problem Formulation was prepared for the Black Butte Mine Superfund Site Operable Unit 
1 (OU1) in accordance with the Ecological Risk Assessment Guidance for Superfund: Process for 
Designing and Conducting Ecological Risk Assessment (USEPA 1997). Building on the Optimization 
Review for the site (USEPA 2012), the Problem Formulation identifies the preliminary contaminants 
of potential ecological concern (COPECs), ecological receptors, and exposure pathways, as shown in 
the CSM refined for the site (see Appendix F). Based on the CSM, risk hypotheses/questions were 
identified to be addressed in the BERA. Thus, the Problem Formulation supports development of the 
sampling design and defines how the information collected during site investigations will be used to 
characterize ecological risks. 

5.2 Human Health Risk Assessment 
CDM Smith is conducting a Human Health Risk Assessment to address risk for people exposed to 
contaminants of concern at OU1. 

5.2.1 Status/Work Conducted to Date 
CDM Smith prepared a Baseline Risk Assessment Plan (BRAP) (see Appendix G). The BRAP provides a 
model for initial discussions with stakeholders, risk assessors from EPA, and cooperating agencies 
regarding human health risk assessment issues and to help guide site characterization to support 
human health risk assessment addressing potential human health risk at OU1.  The BRAP includes a 
preliminary CSM, and an initial hazard identification and pathways analysis. Consensus among 
stakeholders on the BRAP will assist in identifying and meeting remedial investigation data needs. 

The exposure pathways analysis focuses on OU1 as part of an RI/FS being developed for this portion 
of the Site.  However, site characterization efforts do take into account the ongoing impact, if any, from 
the mine on downstream OUs.   
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Section 5  •  Risk Assessment 
 

As illustrated in the CSM, the following populations warrant further quantitative or qualitative 
evaluation: 

 Current and future industrial – Industrial workers might include loggers and tree planters. 

 Current and future recreational visitors (adult and teenager) – Occasional visitors to the mine 
structures and hunters appear to be the most likely visitors.  

 Current and future residents (adult and child) – The current residence is the only possible 
exposure location for residential land use (  residence).  The outlook for additional 
residential development is poor due to private ownership of the property and much of the 
surrounding areas by logging companies, relative isolation from communities and jobs, and lack 
of evidence of substantial new construction currently and over the last few decades.  Thus, a 
current exposure scenario would assume a new family at the current  residence. 

Exposure routes for these receptors include ingestion of, dermal contact with, and/or inhalation of 
contaminated media. Pathways of exposure may involve: 

 direct contact with source materials (e.g., ingestion, dermal contact, and inhalation) with 
contaminants in tailings/soil 

 indirect contact with wastes transported to surface water, sediments and groundwater 

 ingestion of and dermal contact with contaminants in surface water and/or sediments 

Pathways of exposure that will not be evaluated as part of the HHRA for OU1, but will be considered as 
part future HHRAs for the creeks and Coast Fork Willamette River (OU1) or the reservoir (OU3) 
include: 

 ingestion of fish collected from Garoutte Creek adjacent to the Site and downstream 

 ingestion of vegetation grown in soil mixed with tailings and/or irrigated with contaminated 
surface water/groundwater 

 ingestion of and dermal contact with contaminants in groundwater 
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Section 6  
Summary and Conclusions 
This section provides a brief summary of the current CSM, analysis of the validity of the current CSM 
based on the data collected to date, and recommendations for additional investigations that should be 
considered. 

6.1 Conceptual Site Model Review 
The current CSM was developed in the Optimization Review (EPA 2012), which addressed both the 
OU1 study area and the Cottage Grove Reservoir. A diagram illustrating the CSM is included as Figure 
6.1-1. The CSM includes several hypotheses that are pertinent to OU1 that guided the investigations 
conducted to date in the OU1 study area. These hypotheses are briefly reviewed in this section to 
support evaluation of the validity of the current CSM in Section 6.2.  

The following bullets are excerpts from the Optimization Review CSM description (EPA 2012), which 
describe components of the CSM pertinent to the OU1 Study Area: 

 The BBM site, specifically the Furnace Creek Tailings Area, may represent a significant source of 
mercury contamination to Furnace Creek, Garoutte Creek, the CFW River, and the CGR.  

 Potentially important site sources of suspended particulate mercury contamination include 
physical erosion of tailings piles and mine soils, surface water transport of the eroded tailings and 
soil particles, and deposition of the sediments in downstream surface water features.  

 Leaching from existing tailings or dissolution of suspended particulate mercury also likely occurs 
along the transport pathway. 

 The Furnace Creek Tailings Area is a key source for elevated mercury concentrations in 
downstream surface water features, including CGR. 

 Fine grained, mercury-laden tailings particles are generated from mechanical erosion and are 
transported via surface water flow into Furnace Creek. 

 Mercury in sediments present in Furnace Creek bed may also be remobilized and resuspended 
during storm flow conditions. 

 A portion of the eroded particles contributes to the suspended load in the surface water flows in 
Furnace Creek, Garoutte Creek, CFW River, and CGR. 

 Similar processes in Dennis Creek and historical impacts in Garoutte Creek along with background 
watershed contributions result in lower contributions of mercury to CFW and CGR 

A major facet of the current CSM is the hypothesis that Furnace Creek is a major contributor of 
mercury to Garoutte Creek (and further downstream), and that other sources associated with the 
OU1study area are relatively less important in terms of their contribution to mercury loading in 
surface water. The CSM recognizes erosion of tailings piles and mine soils (particularly from the 
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Furnace Creek area) as an important contaminant transport mechanism, but also recognizes that 
leaching and or dissolution of mercury may occur. Erosion and transport of particulate mercury 
during storm events is recognized as a particularly important contaminant transport mechanism.  

6.2 Optimization Review Study Questions 
RI investigations conducted to date were designed to address study questions presented in the 
optimization review (EPA 2012). These study questions were presented as part of decision trees 
established to prioritize and optimize RI data collection activities. Therefore, assessment of the 
Optimization Review study questions is helpful to identify remaining RI data gaps and guide 
additional investigations.  

Optimization review study questions pertinent to this phase of the RI include: 

Study Question 1: Is the downstream Garoutte Creek mercury flux greater than the 
upstream Garoutte Creek mercury flux at BBM? 

This is the first study question of a decision tree addressing surface water quality. If the downstream 
mercury flux is greater than the upstream mercury flux, the optimization review decision tree would 
proceed to Study Question 2 below. If the downstream mercury flux is not larger than the upstream 
mercury flux, then the CSM would need to be revised. Two surface water sampling sites in Garoutte 
Creek were established to address this study question, GU1 and GD1. In addition, water quality in 
Garoutte Creek downstream of Dennis Creek was evaluated by calculating the sum of the mercury load 
at sites GD1 and DC1. 

As used in this discussion, the mercury load (or “mercury flux”) is defined as the mass of mercury that 
passes through the sampling location over a period of time. In Section 4.3.1.5, the annual load of 
mercury passing through sampling locations GU1 and GD1 was estimated using a discharge frequency 
weighted average approach. This analysis is preliminary at this time, because it is based only on 
results of one storm event (March 2013) and one low-flow surface water sampling event (August 
2013).  Based on this analysis, the total mercury load at GU1 and GD1 is estimated to be 0.177 
kilogram per year (kg/yr) and 0.269 kg/yr respectively, which shows that the annual load of mercury 
at the downstream site, GD1, is higher than at the upstream site, GU1 as hypothesized in the current 
CSM. 

Sampling site GD1 is located upstream of the confluence of Dennis Creek with Garoutte Creek, so this 
estimate of the annual average load does not include the additional mercury load to Garoutte Creek 
that is added by Dennis Creek. However, this value was calculated based on data collected at surface 
water sampling stations GD1 and DC1.  Based on the data collected to date, the annual mercury load in 
Garoutte Creek downstream of the confluence with Dennis Creek is estimated to be 0.304 kg/yr, which 
shows that Dennis Creek is also a significant contributor to the mercury load in Garoutte Creek.  

An additional storm event was monitored in November 2013; however these data were not yet 
available for this data summary report. A third storm event sampling event in February 2014 was just 
performed at the time this draft report was being finalized. Inclusion of these additional data to the 
loading analysis will increase the confidence in the estimate of mercury loading to Garoutte Creek. 
Uncertainty still might exist, however, as noted in a recent evaluation that evaluated mercury in 
sediment depositional layers associated with large precipitation events, one in 1963/1964 and one in 
the 1995/1996 (Curtis et al., 2013). The study concluded that a large fraction of the mercury load to 
the Cottage Grove Reservoir was contributed by these two events over the past 50 years. While it is 
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unclear what the exact influences of the mercury load was in the 1963/1964 events, the 1995/1996 
event is associated with a tailings impoundment blowout, which sent a large volume of mine tailings 
down Furnace and Garoutte Creeks. It is not likely that such a blowout of tailings will occur again 
considering there is no longer a tailings damn in place at the site. However, storm events that are 
significantly larger than the three events captured in 2013 and 2014 would most likely elevate the 
annual load to Cottage Grove Reservoir above what is estimated in this analysis.  
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Study Question 2- Is the Furnace Creek mercury flux large compared to the Garoutte Creek 
mercury flux? 

Study question 2 was developed to assess the relative importance of Furnace Creek to mercury 
loading in Garoutte Creek. If the mercury load from Furnace Creek is large with respect to the 
Garoutte Creek load, the optimization review decision tree recommends additional analysis of 
mercury discharges from Furnace Creek. If the mercury load from Furnace Creek is not large with 
respect to Garoutte Creek, the optimization review decision tree recommends revision of the CSM and 
evaluation of other potential sources for the mercury load in Garoutte Creek.  

The estimated annual mercury load from Furnace Creek is 0.072 kg/yr based on the available data, 
which is approximately 27 percent of the mercury load measured at sampling site GD1. The estimated 
annual mercury load at the upstream reference site (GU1) is 0.177 kg/yr, which is approximately 2.5 
times higher than the estimated annual load attributed to Furnace Creek. The estimated mercury load 
at Dennis Creek (site DC1) is 0.034 kg/yr, which is about one half of the load attributed to Furnace 
Creek. Undifferentiated sources located between Furnace Creek and sampling site GD1 are estimated 
to contribute 0.02 kg/yr to the Garoutte Creek load.  

The available data do not support the CSM hypothesis that Furnace Creek is the dominant contributor 
to mercury loading at Garoutte Creek. The loading sources in relative order of importance appear to 
be upstream loading (0.177 kg/yr), Furnace Creek (0.072 kg/yr), Dennis Creek (0.034 kg/yr) and 
undifferentiated sources located between Furnace Creek and sampling point GD1 (0.02 kg/yr). This 
estimate is based on sampling during a 0.75 inch storm event in March 2013, one low-flow sampling 
event in August 2013, and continuous monitoring of discharge at each sample site.  

Based on current data, the optimization review decision tree recommends revision of the CSM and 
analysis of other potential mercury sources such as the contribution from soils located on hill slopes in 
the OU1 study area.  Assessment of mercury sources located upstream from the GU1 study area should 
also be considered, because the upstream loading appears to be the largest contributor to mercury 
loading in Garoutte Creek based on available data. However, this conclusion is preliminary and based 
on limited surface water quality data.  

Study questions 3 and 4 are addressed below with respect to the available data. These study questions 
were developed to further evaluate the CSM hypothesis that Furnace Creek is the dominant source of 
mercury loading to Garoutte Creek (and downstream). However, based on the tentative conclusion to 
Study Question 2 described above, this CSM hypothesis is not supported.  

Study Question 3- Are suspended load mercury concentrations elevated relative to 
dissolved load concentrations? 

The relative proportion of suspended versus dissolved concentrations of mercury varies in relation to 
discharge, and suspended concentrations of mercury were up to an order of magnitude higher than 
dissolved concentrations during the March 2013 storm event. However, during the low-flow sampling 
event in August 2013 and prior to the March 2013 storm event, particulate and dissolved 
concentrations of mercury were generally similar.  

The study question relates to the CSM hypothesis that particulate mercury transported from the 
Furnace Creek area is the dominant source of mercury loading to Garoutte Creek (and further 
downstream).  Analysis of the additional storm event data collected in November 2013 and February 
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2014 will provide additional information to better assess the relative importance of particulate and 
dissolved mercury on overall mercury loading in Garoutte Creek.  

In addition, it is uncertain whether water samples filtered through a 0.45 micron filter represents 
mercury that is truly dissolved or if these samples contain particulate mercury with particle diameters 
of less than 0.45 microns (the pore size of the water filter).  This is a potential data gap that should be 
considered in evaluation of mercury fate and transport processes at the site.  

Study Question 4- Are suspended particle mercury concentrations in downstream Garoutte 
Creek similar to sediment concentrations in Furnace Creek? 

Suspended particle mercury concentrations were estimated using total suspended solids and 
particulate mercury data. The analysis shows that suspended particle mercury concentrations in 
Furnace Creek were approximately 2 orders of magnitude higher than suspended particle mercury 
concentrations in Garoutte Creek during the March 2013 storm event. In contrast, mercury 
concentrations in sediments collected at Furnace Creek sampling site FC1 exhibit significantly lower 
mercury concentrations, which are generally in the range of estimated suspended particle mercury 
concentrations in Garoutte Creek. This contrast is interesting, and may suggest that during storm 
events, suspended particles present in water samples collected in Furnace Creek at sampling site FC1 
originate from other source areas with higher mercury concentrations such as tailings and tailings 
affected soils located near the old furnace. 

During the March 2013 storm event, the suspended particle mercury concentrations were 
significantly lower in Garoutte Creek than in Furnace Creek, whereas suspended particle mercury 
concentrations at the upstream and downstream sampling sites in Garoutte Creek (GU1 and GD1 
respectively) were of similar magnitude. This observation suggests that resuspension of sediments 
from upstream Garoutte Creek was the dominant source of suspended particle mercury sampled at 
the downstream sampling site (GD1) during the March 2013 storm event. This relationship will be 
evaluated further when additional storm event sample data are available. However, the current data 
do not support the CSM hypothesis that Furnace Creek is the dominant source of suspended particle 
mercury in Garoutte Creek.  

The optimization review (EPA 2012) decision tree for sediments recommends revising the CSM based 
on the observations described above, because the data indicate that bedload sediments in Garoutte 
Creek are a significant contributor to the suspended mercury load in Garoutte Creek. Characterization 
of sediments and/or surface water quality at locations upstream of site GU1 should be considered to 
better understand the primary sources of mercury in the Garoutte Creek watershed. Currently, this 
portion of the Garoutte Creek watershed is not included within OU1, but it may be necessary to assess 
mercury loading to Garoutte Creek on a watershed scale to better understand mercury sources and 
background mercury concentrations in the watershed.  

Study Question 5- Is there evidence for vadose zone saturated flow and are concentrations 
of mercury and other metals elevated? 

This study question relates to the potential contribution of groundwater contribution to surface water 
as a source of mercury loading to Garoutte Creek. In general, this portion of the OU1 RI related to 
installing monitoring wells in several upland areas and in alluvial aquifers located in the Garoutte 
Creek and Dennis Creek flood plains, and monitoring groundwater quality, groundwater level and 
other parameters.  
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Three wells were installed in the upland areas and were screened at the interface between 
unconsolidated colluvial/alluvial sediments and bedrock. This is the zone where interflow occurs. 
Interflow is the subsurface component of runoff, which flows for a period of days to weeks after major 
precipitation events. These upland monitoring wells were designed to assess interflow in the upland 
areas.  Interflow is ephemeral in nature and is relatively more difficult to monitor than groundwater 
(i.e. water in the zone of saturation). Three interflow wells were installed: MW10, MW11 and MW1. 
Monitoring wells MW-10 and MW-11 are located in the area of the Furnace Creek and Main tailings 
respectively. MW-1 is located on the west side of Garoutte Creek. To date, sufficient water has not 
been present in these wells to collect water quality samples. 

The other monitoring wells are located in alluvial aquifers along Garoutte and Dennis Creek. Water 
quality data for these wells is limited to one sampling event in August 2013. Additional sampling 
occurred during November 2013, but these data were not available at the time this report was 
prepared.  

The mercury concentrations in groundwater samples collected in August 2013 were generally lower 
than, or of similar magnitude to the surface water concentrations. Modified SPLP analyses indicate 
that leaching of mercury from some soils does occur, but analysis of partition coefficients between 
groundwater and alluvial aquifer materials indicates that transport of mercury in groundwater is 
retarded through natural attenuation of dissolved mercury by sorption. 

Monitoring well MW8 is an important exception to the hypothesis presented above, because MW8 
mercury concentrations in August 2013 were 20.7 ng/L. This is higher than adjacent surface water 
concentrations, which ranged from 3.84 to 4.18 ng/L dissolved and 6.5 to 7.07 ng/L total during the 
August 2013 sampling event. Groundwater in the MW8 area may be affecting surface water quality 
and contributing to the undifferentiated mercury load entering Garoutte Creek between the Furnace 
Creek confluence and the downstream surface water sampling site GD1. This undifferentiated load is 
currently estimated to be 0.02 kg/yr, which is much lower than the primary contributors to mercury 
loading in Garoutte Creek upstream sources (0.177 kg/yr), Furnace Creek (0.072 kg/yr) and Dennis 
Creek (0.34 kg/yr). MW8 is located in an area where sediment retention ponds were reported to have 
been present during historical mining activities.  Additional investigation of potential mercury source 
materials in this area should be considered during future investigations. 

6.3 Recommendations for Additional Work 
Based on data collected to date, the CSM developed in the optimization review requires some 
modification. The Furnace Creek tailings are certainly an important source of mercury to Garoutte 
Creek, but other significant sources are present. The largest load is attributed to unidentified sources 
located upstream of the Black Butte mine that may be considered background conditions. Wells and 
Waters (1934) mapped a large area of hydrothermally altered rocks in the Garoutte Creek watershed 
upstream from the mine, and there is potential that the Garoutte Creek watershed has a naturally 
higher background level of mercury in surface water and sediments as a result of erosion of these 
altered rocks. Also, the annual estimated mercury load from Dennis Creek is approximately half of the 
load attributed to Furnace Creek. This result was initially unexpected, but is explained by intermittent 
flow at Furnace Creek versus perennial flow at Dennis Creek. However, these conclusions are 
preliminary, because only one storm has been monitored with a magnitude of 0.75 inches. The 
estimated load attributed to Furnace Creek may increase once data are analyzed for higher magnitude 
storm events.  
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Prior to providing recommendations for future investigations, the currently planned and recently 
completed investigations for which laboratory data were not available are summarized: 

 Storm event sampling: In November 2013, a second storm event of approximately 0.8 inches in 
24 hours was sampled, and in February 2014, a third storm event of approximately 2.2 inches in 
24 hours was sampled. These data were not available for inclusion in this data summary report, 
but the data are expected to provide a better understanding of the relative contribution of 
various sources to mercury loading in Garoutte Creek. Additional monitoring of precipitation to 
assess atmospheric deposition was also conducted during these sampling events. 

 Groundwater monitoring: Groundwater quality samples were also collected in November, 2013. 
These sample data were also not available for inclusion in this report. A third groundwater 
monitoring event is planned to be conducted in spring 2014. 

 Demonstrations of Methods Applicability Analysis: This work will be conducted in winter, 2014 
and will include collection of samples from the Furnace Creek tailings and other mineralized 
materials, evaluation of paired FPXRF and laboratory analyses of the samples, collection of 
incremental samples of general site spoils and tailings, and analysis of the heterogeneity and 
required sample preparation for incremental samples.  

 Ecological and Human Health Risk Assessment: The human health and rick assessments have 
been initiated as discussed in Section 5. This work is critical to completion of the OU1 RI.  A field 
site visit to locate sample locations for terrestrial and fish tissue sampling is anticipated to be 
completed in early Spring 2014.  

Additional work that should be considered in 2014 includes the following: 

 Revision of the site CSM: The CSM should be revised to reflect the importance of unidentified 
mercury sources upstream of the Black Butte Mine and the relatively greater importance of 
mercury discharges from Dennis Creek than initially hypothesized in the current CSM. 

 Sampling to Support Risk Assessments: Additional sampling is necessary to support the human 
health and ecological risk assessments for OU1. This collection may include sampling of biota 
and/or supplemental sampling of various site media. Detailed planning for this data collection 
effort should be initiated as soon as possible.   

 Surface water monitoring in Garoutte Creek downstream of Dennis Creek: While concentrations 
in Dennis Creek do not reach the same levels as in Furnace Creek, the concentrations are 
greater than in Garoutte Creek. Also, flow in Dennis Creek is perennial whereas Furnace Creek 
is intermittent. Preliminary results from this study suggest that contributions from Dennis 
Creek could account for about 10 percent of total downstream loads. A surface water sampling 
point and stream monitoring station in Garoutte Creek downstream from the confluence of 
Dennis Creek would improve confidence in assessments of mercury loading resulting from 
Dennis Creek. 

 Surface water and sediment monitoring in Garoutte Creek upstream of OU1: The data collected 
to date show that the upstream mercury load is an important contributor to the overall mercury 
load within the Garoutte Creek watershed.  Additional watershed-scale surface water and 
sediment monitoring upstream of sampling site GU1 should be considered.  
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 Atmospheric Deposition Monitoring: Mercury concentrations in rainfall to characterize wet 
deposition were collected for just one sample in March 2013. Mercury concentrations in wet 
deposition from weekly rainwater samples collected at H.J, Andrews Experimental Forest 
showed significant seasonal variability. Thus, additional data from other times of the year will 
be important to obtain from the in-situ meteorological station. 

 Delineation of Source Materials: Delineation of source materials such as the Furnace Creek 
tailings, main tailings, and affected soils in the Garoutte Creek and Dennis Creek floodplains 
would be useful to better characterize source materials that are contributing to the mercury 
load in Garoutte Creek. This data would be helpful in the FS to support assessment of remedial 
alternatives designed to contain or otherwise mitigate these source materials.   This may 
include:  

o Core sampling in the area that appears to be the location of old sediment basins 

o Seep sampling of interflow zones where they surface and their contribution to larger 
surface water features such as Garoutte Creek.  Two locations have been identified: 
one near the access gate to the former mining site and the other in the vicinity of the 
former sediment basins and possible end-point of the water course from mine process 
water discharge in the vicinity of MW7 and MW8. 

  Identification of Contaminants of Concern: Sampling to date has included a relatively large list 
of analytes to provide for comparison of potential contaminants other than mercury. Analysis of 
data in relation to preliminary comparison levels indicates that many of these additional 
analytes are below levels of concern. Identification of contaminants of concern including the 
various forms of mercury and parameters such as SUVA, DOC and sulfate that may affect 
mercury methylation would facilitate reduction of the overall analyte list for future sampling 
events, and provide for prioritization of available funding. 
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Figure 6.1-1
Schematic of Conceptual Site Model

OU1OU2OU3

Modified from Optimization Review Report, EPA; July 2012
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INTRODUCTION 

In February 2013, WSI (Watershed Sciences, Inc.) was contracted by CDM Smith to collect Light 
Detection and Ranging (LiDAR) data in the spring of 2013 for the Black Butte Mine LiDAR site in Oregon. 
Data were collected to aid CDM Smith in assessing the topographic and geophysical properties of the 
study area to support planning for remediation purposes. 

This report accompanies the delivered LiDAR data and documents data acquisition procedures, 
processing methods, and results of all accuracy assessments. Project specifics are shown in Table 1, the 
project extent can be seen in Figure 1, and a complete list of contracted deliverables provided to CDM 
Smith can be found in Table 2. 

 

Table 1: Acquisition dates, acreages, and data types collected for the Black Butte Mine LiDAR site 

Project Site 
Contracted 

Acres 
Buffered 

Acres 
Acquisition Date Data Type 

Black Butte 
Mine 

11,074.0 11,834.3 04/23/2013 LiDAR 

 

  

 

 

WSI employee collecting RTK data for 
the Black Butte Mine LiDAR project in 
Oregon 
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Figure 1: Location map of the Black Butte Mine LiDAR site in Oregon  
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Table 2: Products delivered to CDM Smith for the Black Butte Mine LiDAR site 

Black Butte Mine LiDAR Products 

Projection: Oregon State Plane 

Horizontal Datum: NAD83 (CORS96) 

Vertical Datum: NAVD88 (GEOID09) 

Units: US Survey Feet 

LAS Files 

LAS v 1.2 

 All Returns 

 Model Keypoints 

ASCII Points 

ASCII Text Files (*.asc) 

 All Returns 

 Model Keypoints 

Rasters 

3 Foot ESRI Grids 

 Bare Earth Model 

 Highest Hit Model 

1.5 Foot GeoTiffs 

 Intensity Images 

Vectors 

Shapefiles (*.shp) 

 Site Boundary 

 LiDAR Index 

 DEM/DSM Index 

 RTK Checkpoints 

Drawing Exchange Files (*.dxf) 

 Contours (1 ft) 

 Smoothed Contours (1 ft) 

Hard Copy Maps 

Shaded Relief Maps (PDF and hard copy) 

 Entire Project Area:  1” = 1,000’ with 40’ contours 

 Black Butte Mine Area only: 1” =100’  with 2’ contours 
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ACQUISITION 

Planning 
In preparation for data collection, WSI reviewed the project area using Google Earth, and flightlines 
were developed using a combination of ALTM-NAV Planner (v.3.0) software, Leica MissionPro/FPES and 
Track Air. Careful planning by acquisition staff entailed adapting the pulse rate, flight altitude, scan 
angle, and ground speed to ensure complete coverage of the Black Butte Mine LiDAR study area at the 
target point density of ≥8 pulses per square meter (0.74 pulses/square foot). Efforts are taken to 
optimize flight paths by minimizing flight times while meeting all accuracy specifications.  

Factors such as satellite constellation availability and weather windows must be considered during the 
planning stage. Any weather hazards or conditions affecting the flight were continuously monitored due 
to their potential impact on the daily success of airborne and ground operations. In addition, a variety of 
logistical considerations required review including private property access, potential air space 
restrictions, and availability of company resources (both staff and equipment).  

WSI utilized one ground survey professional on site to access the Black Butte Mine project area. While 
on the job site, the WSI Ground Technicians observed appropriate safety protocol in line with WSI’s 
Safety Plan and OSHA’s safety standards. A 1 mile buffer around the contaminated mine site was 
maintained when establishing control monuments and collecting suitable ground control checkpoints. 
Prior to acquisition WSI obtained appropriate access permits to gain access to the property. 

  

 

 

WSI Cessna Caravan 
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Ground Survey 
Ground survey data is used to geospatially correct the aircraft 
positional coordinate data and to perform quality assurance checks 
on final LiDAR data. Ground professionals set permanent survey 
monuments and collect real time kinematic (RTK) surveys to support 
the airborne LiDAR acquisition process. 

Monumentation 

The spatial configuration of ground survey monuments provided 
redundant control within 13 nautical miles of the mission areas for 
LiDAR flights. Monuments were also used for collection of ground control points using RTK survey 
techniques (see RTK below). 

Monument locations were selected with consideration for satellite visibility, field crew safety, and 
optimal location for RTK coverage. WSI established 2 new monuments for the Black Butte Mine LiDAR 
project (Table 3, Figure 2). New monumentation was set using 5/8”x30” rebar topped with stamped 2" 
aluminum caps. WSI’s professional land surveyor, Chris Yotter-Brown (ORPLS#60438LS) oversaw and 
certified the establishment of monuments. 

 

Table 3: Monuments established for the Black Butte Mine LiDAR acquisition. Coordinates are on the 
NAD83 (CORS96) datum, epoch 2002.00 

 

 

To correct the continuous onboard measurements of the aircraft position recorded throughout the 
missions, WSI concurrently conducted multiple static Global Navigation Satellite System (GNSS) ground 
surveys (1 Hz recording frequency) over each monument. After the airborne survey, the static GPS data 
were triangulated with nearby Continuously Operating Reference Stations (CORS) using the Online 
Positioning User Service (OPUS1) for precise positioning. Multiple independent sessions over the same 
monument were processed to confirm antenna height measurements and to refine position accuracy. 

  

                                                           

1
 OPUS is a free service provided by the National Geodetic Survey to process corrected monument positions. 

http://www.ngs.noaa.gov/OPUS. 

Monument ID Latitude Longitude Ellipsoid (meters) 

BBM_01 43⁰ 31’ 25.18290” -123⁰ 05’ 48.00990” 974.657 

BBM_02 43⁰ 33’ 41.01340” -123⁰ 05’ 45.94254” 481.131 
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Monuments were established according to the national standard for geodetic control networks, as 
specified in the Federal Geographic Data Committee Draft Geospatial Position Accuracy Standards, Part 
2, Table 2.1 (FGDC-STD-007.2-1998). This standard provides guidelines for classification of monument 
quality at the 95% confidence interval. The monument rating for this project can be seen in Table 4. 

Table 4: Federal Geographic Data Committee monument rating 

Direction Rating 

St Dev NE: 0.010 m 

St Dev z: 0.010 m 
 

RTK Surveys 

For the real time kinetic (RTK) check point data collection, a Trimble R7 base unit was positioned at a 
nearby monument to broadcast a kinematic correction to a roving Trimble R10 GNSS receiver. All RTK 
measurements were made during periods with a Position Dilution of Precision (PDOP) of ≤ 3.0 with at 
least six satellites in view of the stationary and roving receivers. When collecting RTK data, the rover 
would record data while stationary for five seconds, then calculate the pseudorange position using at 
least three one-second epochs. Relative errors for the position must be less than 1.5 cm horizontal and 
2.0 cm vertical in order to be accepted. See Table 5 for Trimble unit specifications. 

RTK positions were collected on paved roads and other hard surface locations such as gravel or stable 
dirt roads that also had good satellite visibility. RTK measurements were not taken on highly reflective 
surfaces such as center line stripes or lane markings on roads due to the increased noise seen in the 
laser returns over these surfaces. The distribution of RTK points depended on ground access constraints 
and may not be equitably distributed throughout the study area. See Figure 2 for the distribution of RTK 
in this project. 

Table 5: Trimble equipment identification 

Receiver Model Antenna Example OPUS Antenna ID Use 

Trimble R7 GNSS 
Zephyr GNSS Geodetic 

Model 2 

 

TRM57971.00 Static 

Trimble R10 Integrated Antenna R10 

 

TRMR10 RTK 
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Figure 2: Basestation and RTK checkpoint location map  
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Airborne Survey 
LiDAR 
The LiDAR survey was accomplished with a Leica ALS60 system mounted in a Cessna Caravan. Table 6 

summarizes the settings used to yield an average pulse density of 8 pulses/m2 over the Black Butte 
Mine LiDAR terrain. It is not uncommon for some types of surfaces (e.g. dense vegetation or water) to 
return fewer pulses to the LiDAR sensor than the laser originally emitted. These discrepancies between 
native and delivered density will vary depending on terrain, land cover, and the prevalence of water 
bodies. 

Table 6: LiDAR specifications and survey settings 

LiDAR Survey Settings & Specifications 

Sensor Leica ALS60 

Survey Altitude (AGL) 900 m 

Target Pulse Rate 107.8 kHz 

Sensor Configuration Single Pulse in Air (SPiA) 

Laser Pulse Diameter 21 cm 

Field of View 26⁰ 

GPS Baselines ≤13 nm 

GPS PDOP ≤3.0 

GPS Satellite Constellation ≥6 

Maximum Returns 4 

Intensity 8-bit 

Resolution/Density Average 8 pulses/m
2
  

Accuracy RMSEZ ≤ 15 cm  

To reduce laser shadowing and increase surface laser painting, all areas were surveyed with an opposing 
flight line side-lap of ≥50% (≥100% overlap). The Leica laser systems record up to four range 
measurements (returns) per pulse. All discernible laser returns were processed for the output dataset. 

To accurately solve for laser point position (geographic coordinates x, y, z), the positional coordinates of 
the airborne sensor and the attitude of the aircraft were recorded continuously throughout the LiDAR 
data collection mission. Position of the aircraft was measured twice per second (2 Hz) by an onboard 
differential GPS unit. Aircraft attitude was measured 200 times per second (200 Hz) as pitch, roll, and 
yaw (heading) from an onboard inertial measurement unit (IMU). To allow for post-processing 
correction and calibration, aircraft/sensor position and attitude data are indexed by GPS time. 

 

Leica ALS60 LiDAR sensor 
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PROCESSING 

LiDAR Data 

Upon the LiDAR data’s arrival to the office, WSI processing staff initiates a suite of automated and 
manual techniques to process the data into the requested deliverables. Processing tasks include GPS 
control computations, kinematic corrections, calculation of laser point position, calibration for optimal 
relative and absolute accuracy, and classification of ground and non-ground points (Table 7). Processing 
methodologies are tailored for the landscape and intended application of the point data. A full 
description of these tasks can be found in Table 8. 

Table 7: ASPRS LAS classification standards applied to the Black Butte Mine LiDAR dataset. 

Classification 
Number 

Classification Name Classification Description 

1 Default/ Unclassified 
Laser returns that are not included in the ground class and not dismissed 
as Noise or Withheld points. 

2 Ground 
Ground that is determined by a number of automated and manual 
cleaning algorithms to determine the best ground model the data can 
support. 

8 Model Key Points Thinned out ground classified points used for contour creation. 

 

 

 

 

 

A 5 meter cross section of trees colored by laser echo along London 
Weyerhaeuser Rd on the west slope of Black Butte 
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Table 8: LiDAR processing workflow 

LiDAR Processing Step Software Used 

Resolve kinematic corrections for aircraft position data using kinematic 
aircraft GPS and static ground GPS data. 

Waypoint GPS v.8.3 

Trimble Business Center v.2.81 

Blue Marble Geographic Calculator 2013 

Develop a smoothed best estimate of trajectory (SBET) file that blends post-
processed aircraft position with attitude data. Sensor head position and 
attitude are calculated throughout the survey. The SBET data are used 
extensively for laser point processing. 

IPAS TC v.3.1 

Calculate laser point position by associating SBET position to each laser 
point return time, scan angle, intensity, etc. Create raw laser point cloud 
data for the entire survey in *.las (ASPRS v. 1.2) format. Data are converted 
to orthometric elevations (NAVD88) by applying a Geoid12 correction. 

ALS Post Processing Software v.2.74 

Import raw laser points into manageable blocks (less than 500 MB) to 
perform manual relative accuracy calibration and filter erroneous points. 
Ground points are then classified for individual flight lines (to be used for 
relative accuracy testing and calibration). 

TerraScan v.13.008 

 

Using ground classified points per each flight line, the relative accuracy is 
tested. Automated line-to-line calibrations are then performed for system 
attitude parameters (pitch, roll, heading), mirror flex (scale) and GPS/IMU 
drift. Calibrations are calculated on ground classified points from paired 
flight lines and results are applied to all points in a flight line. Every flight 
line is used for relative accuracy calibration. 

TerraMatch v.13.002 

Classify resulting data to ground and other client designated ASPRS 
classifications (Table 7). Assess statistical absolute accuracy via direct 
comparisons of ground classified points to ground RTK survey data. 

TerraScan v.13.008 

TerraModeler v.13.002 

Generate bare earth models as triangulated surfaces. Highest hit models 
were created as a surface expression of all classified points (excluding the 
noise and withheld classes). All surface models were exported as GeoTIFFs 
at a 1 meter pixel resolution. 

TerraScan v.13.008 

ArcMap v. 10.1 

TerraModeler v.13.002 
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Feature Extraction 

Contours 
Contour generation from LiDAR point data requires a thinning operation in order to reduce contour 
sinuosity. The thinning operation reduces point density where topographic change is minimal (flat 
surfaces) while preserving resolution where topographic change is present. These model key points are 
selected from the ground model every 20 feet with the spacing decreased in regions with high surface 
curvature (Z tolerance of 0.25 feet). Generation of model key points eliminates redundant detail in 
terrain representation, particularly in areas of low relief, and provides for a more manageable dataset. 
Contours are produced through TerraModeler by interpolating between the model key points at even 
elevation increments. 

Elevation contour lines are then intersected with ground point density rasters and a confidence field is 
added to each contour line. Contours crossing areas of high point density have high confidence levels. 
Contours crossing areas with low ground point densities preclude the generation of contours at the 
specified interval resulting in contours being classified as ‘low’ confidence. These areas with low ground 
point density are commonly beneath buildings and bridges, in locations with dense vegetation, over 
water, and in other areas where laser penetration to the ground surface is impeded (Figure 3). 

 

 

Figure 3: Contours draped over the Black Butte Mine LiDAR bare earth elevation model. Blue contours 
represent high confidence while the red contours represent low confidence. 
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RESULTS & DISCUSSION 

LiDAR Density 
The LiDAR sensor is set to acquire a native density of 8 points/m2. Depending on the nature of the 
terrain, the first returned echo will be the highest hit surface. In vegetated areas, the first return surface 
will represent the top of the canopy, while in clearings or on paved roads, the first return surface will 
represent the ground. The ground density differs from the first return density due to the fact that in 
vegetated areas, fewer returns may penetrate the canopy. The ground classification is generally 
determined by first echo returns in non-vegetated areas combined with last echo returns in vegetated 
areas. The pulse density distribution will vary within the study area due to laser scan pattern and flight 
conditions. Additionally, some types of surfaces (i.e. breaks in terrain, water, steep slopes) may return 
fewer pulses to the sensor than originally emitted by the laser. 

The average first-return density for the LiDAR data for the Black Butte Mine LiDAR was 1.11 points/ft2 
(Table 9). The statistical distribution of first returns (Figure 4) and classified ground points (Figure 5) are 
portrayed below. Also presented are the spatial distribution of average first return densities (Figure 6) 
and ground point densities (Figure 7) for each 100-m2 cell. 

Table 9: Average LiDAR point densities 

Classification Point Density 

First-Return 1.11 points/ft
2 

(11.95 points/m
2
) 

Ground Classified 0.13 points/ft
2 

(1.35 points/m
2
)

 

 

 

3D view looking south at the north 
slope of Black Butte. Image created 
from the bare-earth model colored by 
elevation. Without vegetation 
concealing the ground surface, several 
mine sites are apparent. 
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Figure 4: Frequency distribution of first return densities (native densities) of the 1m gridded study 
area 

 

Figure 5: Frequency distribution of ground return densities of the 1m gridded study area
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Figure 6: Native first return density map for the Black Butte Mine LiDAR site  
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Figure 7: Ground density map for the Black Butte Mine LiDAR site  
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LiDAR Accuracy Assessments 
The accuracy of the LiDAR data collection can be described in terms of absolute accuracy (the 
consistency of the data with external data sources) and relative accuracy (the consistency of the dataset 
with itself). See Appendix A for further information on sources of error and operational measures used 
to improve relative accuracy. 

LiDAR Absolute Accuracy 

Vertical absolute accuracy was primarily assessed from RTK ground check point (GCP) data collected on 
open, bare earth surfaces with level slope (<20°). Fundamental Vertical Accuracy (FVA) reporting is 
designed to meet guidelines presented in the National Standard for Spatial Data Accuracy (FGDC, 1998). 
FVA compares known RTK ground survey check points to the triangulated ground surface generated by 
the LiDAR points. FVA is a measure of the accuracy of LiDAR point data in open areas where the LiDAR 
system has a “very high probability” of measuring the ground surface and is evaluated at the 95% 

confidence interval (1.96 ). 

Absolute accuracy is described as the mean and standard deviation (sigma ) of divergence of the 
ground surface model from ground survey point coordinates. These statistics assume the error for x, y, 
and z is normally distributed, and therefore the skew and kurtosis of distributions are also considered 
when evaluating error statistics. For the Black Butte Mine LiDAR LiDAR survey, 989 RTK points were 
collected in total resulting in an average accuracy of ˂-0.005 feet (Table 10, Figure 8). 

 

Table 10: Absolute and relative accuracies 

 Absolute Accuracy Relative Accuracy 

Sample 989 points 80 surfaces 

Average < 0.005 ft 0.160 ft 

Median < 0.003 ft 0.160 ft 

RMSE 0.071 m 0.159 ft 

1σ 0.071 m 0.013 ft 

2σ 0.139 m 0.026 ft 
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Figure 8: Frequency histogram for LiDAR surface deviation from RTK values 

LiDAR Relative Accuracy 

Relative accuracy refers to the internal consistency of the data set as a whole: the ability to place an 
object in the same location given multiple flight lines, GPS conditions, and aircraft attitudes. When the 
LiDAR system is well calibrated, the swath-to-swath divergence is low (<0.10 meters). The relative 
accuracy is computed by comparing the ground surface model of each individual flight line with its 
neighbors in overlapping regions. The average line to line relative accuracy for the Black Butte Mine 
LiDAR was 0.160 feet (Table 10, Figure 9).  

 

Figure 9: Frequency plot for relative accuracy between flight lines 
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CERTIFICATIONS 
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SELECTED IMAGES 

 

 

Figure 10: 3D view looking south east at the confluence of Garoutte Creek and Dennis Creek on the 
north slope of Black Butte. The top image created from the bare-earth model colored by elevation 
depicting features normally obscured by vegetation. The bottom image created from the LiDAR point 
cloud with RGB values assigned by 2012 NAIP imagery.  
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Figure 11: 3D view looking northwest at the confluence of Garoutte Creek and Dennis Creek from the 
north slope of Black Butte. The top image created from the bare-earth model colored by elevation 
depicting features normally obscured by vegetation. The bottom image created from the LiDAR point 
cloud with RGB values assigned by 2012 NAIP imagery. 
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GLOSSARY 

1-sigma (σ) Absolute Deviation:  Value for which the data are within one standard deviation (approximately 68
th

 percentile) of 
a normally distributed data set. 

1.96-sigma (σ) Absolute Deviation:  Value for which the data are within two standard deviations (approximately 95
th

 
percentile) of a normally distributed data set. 

Accuracy:  The statistical comparison between known (surveyed) points and laser points. Typically measured as the standard 

deviation (sigma ) and root mean square error (RMSE). 

Absolute Accuracy: The vertical accuracy of LiDAR data is described as the mean and standard deviation (sigma σ) of 
divergence of LiDAR point coordinates from RTK ground survey point coordinates. To provide a sense of the model 
predictive power of the dataset, the root mean square error (RMSE) for vertical accuracy is also provided. These statistics 
assume the error distributions for x, y, and z are normally distributed, thus we also consider the skew and kurtosis of 
distributions when evaluating error statistics. 

Relative Accuracy: Relative accuracy refers to the internal consistency of the data set - the ability to place a laser point in 
the same location over multiple flight lines, GPS conditions, and aircraft attitudes. Affected by system attitude offsets, 
scale, and GPS/IMU drift, internal consistency is measured as the divergence between points from different flight lines 
within an overlapping area. Divergence is most apparent when flight lines are opposing. When the LiDAR system is well 
calibrated, the line-to-line divergence is low (<10 cm). 

Root Mean Square Error (RMSE):  A statistic used to approximate the difference between real-world points and the 
LiDAR points. It is calculated by squaring all the values, then taking the average of the squares and taking the square root 
of the average. 

Data Density:  A common measure of LiDAR resolution, measured as points per square meter. 

DTM / DEM:  These often-interchanged terms refer to models made from laser points. The digital elevation model (DEM) refers 
to all surfaces, including bare ground and vegetation, while the digital terrain model (DTM) refers only to those points classified 
as ground. 

Intensity Values:  The peak power ratio of the laser return to the emitted laser. It is a function of surface reflectivity. 

Laser Noise: For any given target, laser noise is the breadth of the data cloud per laser return (i.e., last, first, etc.). Lower 
intensity surfaces (roads, rooftops, still/calm water) experience higher laser noise. 

Nadir:  A single point or locus of points on the surface of the earth directly below a sensor as it progresses along its flight line. 

Overlap:  The area shared between flight lines, typically measured in percent; 100% overlap is essential to ensure complete 
coverage and reduce laser shadows. 

Pulse Rate (PR):  The rate at which laser pulses are emitted from the sensor; typically measured as thousands of pulses per 
second (kHz). 

Pulse Returns:  For every laser pulse emitted, the Leica ALS 60 system can record up to four wave forms reflected back to the 
sensor. Portions of the wave form that return earliest are the highest element in multi-tiered surfaces such as vegetation. 
Portions of the wave form that return last are the lowest element in multi-tiered surfaces. 

Real-Time Kinematic (RTK) Survey:  GPS surveying is conducted with a GPS base station deployed over a known monument 
with a radio connection to a GPS rover. Both the base station and rover receive differential GPS data and the baseline 
correction is solved between the two. This type of ground survey is accurate to 1.5 cm or less. 

Scan Angle:  The angle from nadir to the edge of the scan, measured in degrees. Laser point accuracy typically decreases as 
scan angles increase. 

Spot Spacing:  Also a measure of LiDAR resolution, measured as the average distance between laser points. 
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APPENDIX A - ACCURACY CONTROLS 

Relative Accuracy Calibration Methodology: 

Manual System Calibration:  Calibration procedures for each mission require solving geometric relationships that relate 
measured swath-to-swath deviations to misalignments of system attitude parameters. Corrected scale, pitch, roll and heading 
offsets were calculated and applied to resolve misalignments. The raw divergence between lines was computed after the 
manual calibration was completed and reported for each survey area. 

Automated Attitude Calibration:  All data were tested and calibrated using TerraMatch automated sampling routines. Ground 
points were classified for each individual flight line and used for line-to-line testing. System misalignment offsets (pitch, roll and 
heading) and scale were solved for each individual mission and applied to respective mission datasets. The data from each 
mission were then blended when imported together to form the entire area of interest. 

Automated Z Calibration: Ground points per line were used to calculate the vertical divergence between lines caused by vertical 
GPS drift. Automated Z calibration was the final step employed for relative accuracy calibration. 

LiDAR accuracy error sources and solutions: 

Type of Error Source Post Processing Solution 

GPS 

(Static/Kinematic) 

Long Base Lines None 

Poor Satellite Constellation None 

Poor Antenna Visibility Reduce Visibility Mask 

Relative Accuracy Poor System Calibration Recalibrate IMU and sensor offsets/settings 

Inaccurate System None 

Laser Noise Poor Laser Timing None 

Poor Laser Reception None 

Poor Laser Power None 

Irregular Laser Shape None 

Operational measures taken to improve relative accuracy: 

Low Flight Altitude:  Terrain following is employed to maintain a constant above ground level (AGL). Laser horizontal errors are 
a function of flight altitude above ground (i.e., ~ 1/3000

th
 AGL flight altitude). 

Focus Laser Power at narrow beam footprint:  A laser return must be received by the system above a power threshold to 
accurately record a measurement. The strength of the laser return is a function of laser emission power, laser footprint, flight 
altitude and the reflectivity of the target. While surface reflectivity cannot be controlled, laser power can be increased and low 
flight altitudes can be maintained. 

Reduced Scan Angle:  Edge-of-scan data can become inaccurate. The scan angle was reduced to a maximum of ±15
o
 from nadir, 

creating a narrow swath width and greatly reducing laser shadows from trees and buildings. 

Quality GPS:  Flights took place during optimal GPS conditions (e.g., 6 or more satellites and PDOP [Position Dilution of 
Precision] less than 3.0). Before each flight, the PDOP was determined for the survey day. During all flight times, a dual 
frequency DGPS base station recording at 1–second epochs was utilized and a maximum baseline length between the aircraft 
and the control points was less than 19 km (11.5 miles) at all times. 

Ground Survey:  Ground survey point accuracy (i.e. <1.5 cm RMSE) occurs during optimal PDOP ranges and targets a minimal 
baseline distance of 4 miles between GPS rover and base. Robust statistics are, in part, a function of sample size (n) and 
distribution. Ground survey RTK points are distributed to the extent possible throughout multiple flight lines and across the 
survey area. 

50% Side-Lap (100% Overlap):  Overlapping areas are optimized for relative accuracy testing. Laser shadowing is minimized to 
help increase target acquisition from multiple scan angles. Ideally, with a 50% side-lap, the most nadir portion of one flight line 
coincides with the edge (least nadir) portion of overlapping flight lines. A minimum of 50% side-lap with terrain-followed 
acquisition prevents data gaps. 

Opposing Flight Lines:  All overlapping flight lines are opposing. Pitch, roll and heading errors are amplified by a factor of two 
relative to the adjacent flight line(s), making misalignments easier to detect and resolve. 
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ML

SW

SW

SM

ML

ML

Cement

Bentonite Seal

Sch 40 Blank PVC
Casing

10-20 Colorado Sand
2-inch Diameter 10-Slot
Sch 40 PVC Screen

4-inch PVC Cap

SANDY SILT: dark yellowish
brown (10YR 3/4); 50% silt,
moist, soft, medium plasticity;
40% sand, fine to coarse,
subangular to subrounded; 10%
gravel, fine to coarse,
subangular, maximum diameter
1.5"; trace cobbles. Cobble layer
at 3 ft bgs.

SAND with GRAVEL: dark
reddish-brown (5YR 3/4), 65%
sand, fine to coarse, well graded,
subangular to subrounded; 30%
gravel, fine to coarse, well
graded, subangular, maximum
diameter 1.5", 5% silt

SAND with GRAVEL: dark
yellowish-brown (10YR 3/4), 60%
sand, fine to coarse, well graded,
subangular to subrounded; 40%
gravel, fine to coarse, well
graded, angular to subangular,
maximum diameter 1.5"; trace
silt

SILTY SAND: black (5Y 2.5/1);
70% sand, fine to coarse, well
graded, subrounded;  30% silt,
soft, wet

SANDY SILT: dark
yellowish-brown (10YR 3/4); 60%
silt,  moist, high plasticity, firm;
40% sand, fine to medium,
subangular, trace gravel,
maximum diameter 1"

SANDY SILT: black (10YR 2/1),
60% silt, moist, low plasticity,
firm; 40% sand, fine to medium,
subangular, trace gravel;
maximum diameter 1/2"

Boring terminated at 10 ft bgs

NORTHING:
G.S. ELEVATION:
WATER:
LOGGED BY:
HORIZONTAL DATUM: , COORD. SYS.: NA
VERTICAL DATUM:

COMPLETED: 6/20/13STARTED:
DRILLING COMPANY:
DRILLING EQUIPMENT:
DRILLING METHOD:
SAMPLING METHOD:
SURFACE COMPLETION:

PROJECT:

LOCATION:

6/20/13
Cascade
AMS C-17
Sonic, 6 In. Dia. Borehole
Core Barrel
Steel Stickup

Black Butte Mine Superfund Site

Cottage Grove, Oregon

EASTING:
M.P. ELEV:
TOTAL DEPTH:

 NA

15.0 NA

 NA
 NA
4.5 NA
AG

 NO: MW-2
U.S. EPA
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SM

SW

ML

ML

ML

CL

Cement

Bentonite Seal

Sch 40 Blank PVC
Casing

10-20 Colorado Sand
2-inch Diameter 10-Slot
Sch 40 PVC Screen

4-inch PVC Cap

Bentonite Chips

SILTY SAND: dark brown (7.5YR
3/2); 60% sand, fine to coarse,
well graded, subangular to
subrounded; 40% silt, slightly
moist, firm, high plasticity, trace
gravel, max dia. 1"

SAND with GRAVEL: dusky red
(2.5YR 3 /2); 60% sand, fine to
coarse, well graded, subangular
to subrounded; 20% gravel, fine
to coarse, well graded, angular
to subangular, max. dia. = 1.5";
10% cobbles, subangular, max.
dia. 7"; 10% silt

SANDY SILT: dark brown (7.5YR
3/2); 60% silt, wet soft, low
plasticity; 35% sand, fine to
coarse, subangular; 5% gravel,
max. dia. 1/2"

SANDY SILT: greenish black
(Gley 1 2.5/1); 60% silt, soft, wet,
medium plasticity; 40% sand,
fine to medium, subangular to
subrounded

SANDY SILT with GRAVEL: dark
olive-brown (2.5Y 3/3); 45% silt,
wet, soft to firm, low plasticity;
40% sand, fine to coarse,
subangular to subrounded; 15%
gravel, fine to coarse,
subangular, max. dia. = 1.25"

Rock stuck in shoe. No recovery
to 15 ft bgs

CLAY with SAND: dark brown
(10YR 3/3); 85% clay, dry, hard,
low plasticity; 15% sand, fine to
coarse, subangular, trace gravel,
max. dia. = 1/4"

Boring terminated at 20 ft bgs

NORTHING:
G.S. ELEVATION:
WATER:
LOGGED BY:
HORIZONTAL DATUM: , COORD. SYS.: NA
VERTICAL DATUM:

COMPLETED: 6/20/13STARTED:
DRILLING COMPANY:
DRILLING EQUIPMENT:
DRILLING METHOD:
SAMPLING METHOD:
SURFACE COMPLETION:

PROJECT:

LOCATION:

6/20/13
Cascade
AMS C-17
Sonic, 6 In. Dia. Borehole
Core Barrel
Steel Stickup

Black Butte Mine Superfund Site

Cottage Grove, Oregon

EASTING:
M.P. ELEV:
TOTAL DEPTH:

 NA

20.0 NA

 NA
 NA
7.5 NA
AG

 NO: MW-3
U.S. EPA
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PROJECT NO.  50898-92004

DESCRIPTION
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CL

CL

SC

CL

SC

BEDROCK

Cement

Bentonite Seal

Sch 40 Blank PVC
Casing

10-20 Colorado Sand
2-inch Diameter 10-Slot
Sch 40 PVC Screen

4-inch PVC Cap

CLAY: dark brown (10YR 3/3);
100% clay, soft, moist, medium
plasticity

CLAY with SAND: strong brown
(7.5YR 4/6); 85% clay, moist,
medium plasticity soft; 15%
sand, fine to medium,
subangular to subrounded

CLAYEY SAND: dark gray (2.5
YR 4/1); 60% sand, fine to
coarse, well graded subangular;
40% clay, trace gravel

SANDY CLAY with GRAVEL:
strong brown (10YR 3/3), 60%
clay, soft, wet; 30% sand, fine to
coarse, subangular; 10% gravel,
fine to coarse, angular to
subangular, max. dia. = 3"
Little or no recovery from 8 to 10
ft bgs

CLAYEY SAND: very pale brown
(10YR 7/4); 70% sand, fine to
coarse, subangular; 30% clay,
dry

BEDROCK: light bluish-gray
(Gley 2 7/1)

Boring terminated at 15 ft bgs

NORTHING:
G.S. ELEVATION:
WATER:
LOGGED BY:
HORIZONTAL DATUM: , COORD. SYS.: NA
VERTICAL DATUM:

COMPLETED: 6/24/13STARTED:
DRILLING COMPANY:
DRILLING EQUIPMENT:
DRILLING METHOD:
SAMPLING METHOD:
SURFACE COMPLETION:

PROJECT:

LOCATION:

6/24/13
Cascade
AMS C-17
Sonic, 6 In. Dia. Borehole
Core Barrel
Steel Stickup

Black Butte Mine Superfund Site

Cottage Grove, Oregon

EASTING:
M.P. ELEV:
TOTAL DEPTH:

 NA

15.0 NA

 NA
 NA
5 NA
AG

 NO: MW-4
U.S. EPA
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CL

CL

CL

CL

BEDROCK

Cement

Bentonite Seal

Sch 40 Blank PVC
Casing

10-20 Colorado Sand
2-inch Diameter 10-Slot
Sch 40 PVC Screen

4-inch PVC Cap

CLAY: dark brown (7.5YR);
100% clay, low plasticity, moist,
trace fine sand, firm

CLAY with SAND: yellowish red
(5YR 4/6); 85% clay, firm, moist,
low plasticity; 15% sand, fine to
medium, subangular to
subrounded

GRAVELLY CLAY: yellowish red
(5YR 4/6); 70% clay, moist, soft,
low plasticity; 30% gravel.

GRAVELLY CLAY: black (5Y
2.5/1); 60% clay, soft, wet; 30%
gravel, fine to coarse,
subangular to angular, max. dia.
= 3", 10% sand, fine to coarse,
subangular

BEDROCK: bluish gray (GLEY 2
5/1); Siltstone

Boring terminated at 15 ft bgs

NORTHING:
G.S. ELEVATION:
WATER:
LOGGED BY:
HORIZONTAL DATUM: , COORD. SYS.: NA
VERTICAL DATUM:

COMPLETED: 6/24/13STARTED:
DRILLING COMPANY:
DRILLING EQUIPMENT:
DRILLING METHOD:
SAMPLING METHOD:
SURFACE COMPLETION:

PROJECT:

LOCATION:

6/24/13
Cascade
AMS C-17
Sonic, 6 In. Dia. Borehole
Core Barrel
Steel Stickup

Black Butte Mine Superfund Site

Cottage Grove, Oregon

EASTING:
M.P. ELEV:
TOTAL DEPTH:

 NA

15.0 NA

 NA
 NA
12 NA
AG

 NO: MW-5
U.S. EPA

PAGE  1  OF  1

WELL CONSTRUCTION LOG

D
E

P
T

H
(f

e
e

t)

5

10

15

20

25

30

35

G
R

A
P

H
IC

L
O

G WELL
CONSTRUCTION

(From - To Interval, feet bgs)U
S

C
S

E
L

E
V

.
(f

e
e

t)

P
ID

(p
p

m
)

S
A

M
P

L
E

R
A

D
V

. 
(f

e
e

t)

R
E

C
O

V
.

(f
e

e
t)

E
L

E
V

.
(f

e
e

t)

PROJECT NO.  50898-92004

DESCRIPTION
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SM

SM

SILTSTONE

Cement

Bentonite Seal

Sch 40 Blank PVC
Casing

10-20 Colorado Sand
2-inch Diameter 10-Slot
Sch 40 PVC Screen

4-inch PVC Cap

SILTY SAND: yellowish red (5YR
4/6); 50% sand, fine to coarse,
well graded, subangular; 40%
silt, dry, soft; 10% gravel, fine to
medium, poorly graded,
subangular, max. dia. = 1/2"

Same as above but color
changes to brown (7.5 YR 4/2)
and wet

SILTSTONE: dark bluish-gray
(Gley 2 3/1)

Boring terminated at 10 ft bgs

NORTHING:
G.S. ELEVATION:
WATER:
LOGGED BY:
HORIZONTAL DATUM: , COORD. SYS.: NA
VERTICAL DATUM:

COMPLETED: 6/23/13STARTED:
DRILLING COMPANY:
DRILLING EQUIPMENT:
DRILLING METHOD:
SAMPLING METHOD:
SURFACE COMPLETION:

PROJECT:

LOCATION:

6/23/13
Cascade
AMS C-17
Sonic, 6 In. Dia. Borehole
Core Barrel
Steel Stickup

Black Butte Mine Superfund Site

Cottage Grove, Oregon

EASTING:
M.P. ELEV:
TOTAL DEPTH:

 NA

10.0 NA

 NA
 NA
6 NA
AG

 NO: MW-6
U.S. EPA
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PROJECT NO.  50898-92004
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CL

CL

CL

CL

Cement

Bentonite Seal

Sch 40 Blank PVC
Casing

10-20 Colorado Sand
2-inch Diameter 10-Slot
Sch 40 PVC Screen

4-inch PVC Cap

CLAY with SAND and GRAVEL:
brown (7.5YR 4/3); 70% clay,
moist, soft, medium plasticity;
15% sand, fine to coarse,
subangular to subrounded; 15%
gravel, fine to coarse,
subangular to angular, max. dia.
= 2"; (Fill, most likely)

SANDY CLAY: brown (7.5YR
4/3); 60% clay, medium
plasticity, moist, soft; 40% sand,
fine to medium, subrounded
(May be sediment from settling
basin)

CLAY with SAND and GRAVEL:
brown (7.5YR 4/3); 70% clay,
soft, medium plasticity; 15%
sand, fine to coarse,
subrounded; 15% gravel, fine to
coarse, max. dia. 3"; (most likely
fill)

CLAY with SAND: bluish gray
(Gley 2 6/1); 85% clay, hard, dry,
medium plasticity; 15% sand,
fine to coarse, subrounded, trace
gravel

Boring terminated at 20 ft bgs

NORTHING:
G.S. ELEVATION:
WATER:
LOGGED BY:
HORIZONTAL DATUM: , COORD. SYS.: NA
VERTICAL DATUM:

COMPLETED: 6/24/13STARTED:
DRILLING COMPANY:
DRILLING EQUIPMENT:
DRILLING METHOD:
SAMPLING METHOD:
SURFACE COMPLETION:

PROJECT:

LOCATION:

6/24/13
Cascade
AMS C-17
Sonic, 6 In. Dia. Borehole
Core Barrel
Steel Stickup

Black Butte Mine Superfund Site

Cottage Grove, Oregon

EASTING:
M.P. ELEV:
TOTAL DEPTH:

 NA

20.0 NA

 NA
 NA

AG

 NO: MW-7
U.S. EPA
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PROJECT NO.  50898-92004
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Drive Point Monitoring Well Station Installation Details
MW-8 (As-Built)

5 ft x 4-inch square
lockable lid monument

2.
60

 ft

5.35 ft

0.20 ft
5.11 ft bgs

2.75 ft bgs

Total Length of Well
from TOC = 7.93 ft

surface seal:
- Bottom 1 ft Bent Chips; Hydrated 1 x 50lb bag
- Top 0.5 ft cement; 1 x 60lb bags mixed with water

2.
75

 ft
2.

38
 ft

Drive point tip (solid)

4.31 ft bgs DTW measured in well
during installation (8-12-2013)



Drive Point Monitoring Well Station Installation Details
MW-9 (As-Built)

5 ft x 4-inch square
lockable lid monument

1.00 ft

2.60 ft

5.40 ft

0.17 ft
5.40 ft bgs

2.40 ft bgs

Total Length of Well
from TOC = 9.00 ft

surface seal:
- Bottom 1 ft Bent Chips; Hydrated 1 x 50lb bag
- Top 0.5 ft cement; 1 x 60lb bags mixed with water

2.
40

 ft
3.

00
 ft

Drive point tip (solid)

5.30 ft bgs DTW measured in well during installation

Furnace Creek



CL

CL

CL

CL

Cement

Bentonite Seal

Sch 40 Blank PVC

10-20 Colorado Sand
2-inch Diameter 10-Slot
Sch 40 PVC Screen

4-inch PVC Cap

CLAY: dark yellowish brown
(10YR 4/4); 95% clay, moist,
soft, low plasticity; 5% gravel,
coarse, subangular, max. dia. =
3", trace sand

No recovery from 3 to 5 ft bgs

CLAY with GRAVEL: dark
yellowish brown (10YR 4/4); 85%
clay, moist, soft, low plasticity;
15% gravel, coarse, angular,
max. dia. = 3", trace sand

CLAY: dark yellowish brown
(10YR 4/4); 95% clay, moist,
soft, medium plasticity; 5%
gravel, coarse angular, max. dia.
= 3"

CLAY: dark yellowish brown
(10YR 3/4); 100% clay, medium
plasticity, moist, hard; trace
gravel and sand

Boring terminated at 15 ft bgs

NORTHING:
G.S. ELEVATION:
WATER:
LOGGED BY:
HORIZONTAL DATUM: , COORD. SYS.: NA
VERTICAL DATUM:

COMPLETED: 6/20/13STARTED:
DRILLING COMPANY:
DRILLING EQUIPMENT:
DRILLING METHOD:
SAMPLING METHOD:
SURFACE COMPLETION:

PROJECT:

LOCATION:

6/20/13
Cascade
AMS C-17
Sonic, 6 In. Dia. Borehole
Core Barrel
Steel Stickup

Black Butte Mine Superfund Site

Cottage Grove, Oregon

EASTING:
M.P. ELEV:
TOTAL DEPTH:

 NA

15.0 NA

 NA
 NA

AG

 NO: MW-10
U.S. EPA
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PROJECT NO.  50898-92004

DESCRIPTION
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GW

GW

CL

CH

CH

CL

CL

CL

CL

Cement

Sch 40 Blank PVC
Casing

Bentonite Seal

10-20 Colorado Sand

2-inch Diameter 10-Slot
Sch 40 PVC Screen

4-inch PVC Cap

GRAVEL with SAND: reddish
brown (5YR 4/4); 60% gravel,
fine to coarse, well graded,
angular, max. dia. 2"; 40% sand,
fine to coarse, well graded,
angular to subangular, trace silt,
in mine tailings

Becomes moist from 5 to 7.5 ft
bgs

CLAY: reddish brown (5YR 4/4);
90% clay, moist, hard, medium
plasticity; 5% sand; 5% gravel,
homogeneous

SANDY CLAY: reddish brown
(5YR 4/4); 70% clay, high
plasticity, firm, dry to moist; 30%
sand, fine to coarse, angular to
subangular, trace gravel

SANDY CLAY: dark gray (2.5YR
4/1); 70% clay, high plasticity,
firm, dry to moist; 30% sand, fine
to coarse, angular to subangular,
trace gravel

CLAY with SAND: reddish brown
(5YR 4/3); 85% clay, moist, firm,
medium plasticity; 15% sand,
fine to coarse, angular to
subangular, trace gravel

SANDY CLAY: dark gray (10YR
4/1); 70% clay, moist soft,
medium plasticity; 30% sand,
fine to coarse, subangular; trace
gravel; blue-gray mottles

SANDY CLAY: dark gray (2.5YR
4/1); 70% clay, moist soft,
medium plasticity; 30% sand,
fine to coarse, subangular; trace
gravel; blue-gray mottles

NORTHING:
G.S. ELEVATION:
WATER:
LOGGED BY:
HORIZONTAL DATUM: , COORD. SYS.: NA
VERTICAL DATUM:

COMPLETED: 6/21/13STARTED:
DRILLING COMPANY:
DRILLING EQUIPMENT:
DRILLING METHOD:
SAMPLING METHOD:
SURFACE COMPLETION:

PROJECT:

LOCATION:

6/21/13
Cascade
AMS C-17
Sonic, 6 In. Dia. Borehole
Core Barrel
Steel Stickup

Black Butte Mine Superfund Site

Cottage Grove, Oregon

EASTING:
M.P. ELEV:
TOTAL DEPTH:

 NA

70.0 NA

 NA
 NA

AG

 NO: MW-11
U.S. EPA
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CL

CL

CL

CL

Bentonite

SANDY CLAY: dark gray (2.5Y
4/1); 70% clay, moist, soft,
medium plasticity; 30% sand,
fine to coarse, subangular; trace
gravel; blue-gray mottles
(continued)

SANDY CLAY: dark gray (2.5Y
4/1); 70% clay, moist, soft,
medium plasticity; 30% sand,
fine to coarse, subangular; trace
gravel; blue-gray mottles

CLAY with SAND: yellowish red
(5YR 4/6); 85% clay, medium
plasticity, firm, moist; 15% sand,
fine to coarse, subangular; trace
gravel

CLAY with SAND: yellowish red
(5YR 4/6); 85% clay, medium
plasticity, firm, moist; 15% sand,
fine to coarse, subangular; trace
gravel

Boring terminated at 70 ft bgs

PROJECT:

LOCATION:

Black Butte Mine Superfund Site

Cottage Grove, Oregon

MW-11 NO:
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Drive Point Monitoring Well Station Installation Details
MW-12 (As-Built)

5 ft x 4-inch square
lockable lid monument

2.15 ft

0.85 ft

7.45 ft

0.17 ft
7.45 ft bgs

4.45 ft bgs

Total Length of Well
from TOC = 10.45 ft

2 ft surface seal:
- Bottom 1 ft Bent Chips; Hydrated 1 x 50lb bag
- Top 1 ft cement; 2 x 60lb bags mixed with water

Drive point tip (solid)

7.34 ft bgs DTW measured in well during installation



CL

CL

SM

ML

Cement

2 - : Bentonite Seal
Sch 40 Blank PVC
Casing
Sch 40 Blank PVC
Casing

10-20 Colorado Sand
2-inch Diameter 10-Slot
Sch 40 PVC Screen

4-inch PVC Cap

CLAY with SAND: very dark
grayish brown (10YR 3/2); 85%
clay, moist, soft, medium
plasticity; 15% sand, fine to
coarse, subangular; trace gravel

CLAY: 95% clay, moist, firm,
medium plasticity; 5% sand, fine,
poorly graded, subrounded

GRAVELLY SAND with SILT:
50% sand, fine to coarse, well
graded, subangular to
subrounded; 30% gravel, fine to
coarse, well graded, subangular
to subrounded; 20% silt; trace
cobbles

SANDY SILT: olive brown (2.5Y
3/4); 60% silt, soft, dry, low
plasticity; 40% sand, fine,
subrounded

Boring terminated at 15 ft bgs

NORTHING:
G.S. ELEVATION:
WATER:
LOGGED BY:
HORIZONTAL DATUM: , COORD. SYS.: NA
VERTICAL DATUM:

COMPLETED: 6/25/13STARTED:
DRILLING COMPANY:
DRILLING EQUIPMENT:
DRILLING METHOD:
SAMPLING METHOD:
SURFACE COMPLETION:

PROJECT:

LOCATION:

6/25/13
Cascade
AMS C-17
Sonic, 6 In. Dia. Borehole
Core Barrel
Steel Stickup

Black Butte Mine Superfund Site

Cottage Grove, Oregon

EASTING:
M.P. ELEV:
TOTAL DEPTH:

 NA

15.0 NA

 NA
 NA
8 NA
AG

 NO: MW-13
U.S. EPA
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Appendix D  
Data Validation and Usability Narrative 
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Section 1   
Introduction 
Data generated by the contract laboratory program (CLP) laboratories were validated by a Region 10 
EPA chemist electronically and manually to the Stage 4 level (S4VEM) level and data generated by 
Manchester Environmental Laboratory (MEL) were verified with all the steps of Level 4 validation by 
a supervisory chemist at MEL. Subcontractor data were manually validated to the Stage 4 level (S4VM) 
by a CDM Smith chemist. Region 10 EPA provided validation reports and EDDs with data qualifiers 
applied for CLP data. MEL provided Quality Assurance reports with the results of their verification and 
EDDs with data qualifiers applied. Validation reports were generated for the subcontract laboratory 
data and data qualifiers were applied to EDDs. The validation and quality assurance reports are 
provided in Attachment A to this appendix. Validation was performed according to the Quality 
Assurance Project Plans (QAPPs), the analytical methods, and USEPA CLP National Functional 
Guidelines for Inorganic Superfund Data Review (EPA 2010) (NFGs). All sample result qualifiers were 
applied to the sample results in the database and tables presented herein. One hundred percent of the 
chemistry data were validated. All data were evaluated and determined usable. No data was rejected. 

Achievement of the DQOs was determined by the use of data quality indicators (DQIs). DQI criteria 
were established in the QAPPs and are expressed in terms of precision, accuracy, representativeness, 
comparability, completeness and sensitivity, the PARCCS parameters. Precision and accuracy are 
quantitative parameters that are measured with results from quality control (QC) samples. Data 
validation criteria for the acceptance of data on the basis of these QC sample results are defined in the 
NFGs and the QAPP. According to the NFGs, data were accepted, or accepted as estimated (qualified 
“J”, “J+”, “J-”, or “UJ”). The validation reports for the data are included in this appendix. No data was 
rejected and all of the samples planned for collection were collected, yielding a completeness value of 
100%.  

Notably, there were some metals that were not detected in the various media that had reporting levels 
above the screening criteria used in this report.  These instances are presented below: 

Soil 

Antimony - The reporting levels ranged from 0.9 to 1.5 milligram per kilogram (mg/kg) and are 
above the screening criteria of 0.67 mg/kg. 

Selenium  - The reporting levels ranged from 1.9 to 7.4 mg/kg and are above the screening criteria 
of 0.52 mg/kg. 

Silver - The reporting levels ranged from 0.36 to 0.67 mg/kg and are above the screening criteria of 
0.17 mg/kg. 

Surface Water 

Cadmium – The reporting level equal to 1 microgram per liter (µg/L) is above the screening criteria 
of 0.25 µg/L. 

Silver - The reporting level equal to 1 µg/L is above the screening criteria of 0.12 µg/L. 
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Groundwater 

Selenium - The reporting level equal to35 µg/L is above the screening criteria of 10 µg/L. 

The screening criteria of 10 µg/L for the selenium in groundwater can be achieved with analysis by 
inductively coupled plasma- mass spectroscopy (ICP-MS), which has a contract required reporting 
level (CRQL) of 5 µg/L. Future groundwater samples will be analyzed by ICP-MS for selenium results 
rather than inductively coupled plasma – atomic emission spectroscopy (ICP-AES). 

The screening criteria for the metals in the soil and surface waters that were not achieved will require 
modification to the metals analyses to achieve lower reporting levels than the standard CRQLs.  An 
assessment will be made with the Black Butte Mine remedial investigation team to determine if this 
modification is necessary for evaluating these four metals going forward with the OU1 Remedial 
Investigation. 

  

Section 2   
March 2013 Storm Surface Water Sampling Event 
#1 
Twenty-seven surface water samples, a precipitation sample, and four field blanks were collected 
during the first storm event sampling in March 2013. The samples were analyzed for CLP Target 
Analyte List (TAL) total and dissolved metals, excluding mercury, by EPA CLP laboratory A4, Scientific, 
Inc; total and dissolved low-level mercury; total and dissolved methyl mercury; anions (fluoride, 
chloride, and sulfate); total alkalinity; nitrate plus nitrite; and total suspended solids (TSS) by EPA 
Region 10 Manchester Environmental Laboratory (MEL). The samples were also analyzed for 
dissolved organic carbon (DOC), ultraviolet absorbance at 254 nanometers (UV254), and Specific UV254 

Absorbance (SUVA254) by Amtest Laboratories in Redmond, Washington. The total low-level mercury 
and total methyl mercury analyses of the precipitation sample were analyzed by Frontier Global 
Sciences. 

2.1 CLP TAL Metals (CLP Laboratory – A4 Scientific, Inc.) 
All data is considered usable with qualification of selected results as noted in the following discussion. 

The following metals results were qualified in selected samples as noted in the validation summaries 
for blank contamination: aluminum (Al), arsenic (As), barium (Ba), cadmium (Cd), chromium (Cr), 
cobalt (Co), copper (Cu) lead (Pb), nickel (Ni), silver (Ag), thallium (Tl), vanadium (V), and Zinc (Zn). 

All laboratory control sample (LCS) results met the control limits.  

Four matrix spikes/matrix spike duplicate (MS/MSD) sets were analyzed, (two each for total and 
dissolved fractions). All percent (%) recoveries were within the control limits. 

Four laboratory sample duplicate analyses were performed (two for total and two for dissolved 
analyses).  Lab duplicate relative percent differences (RPDs) were within the laboratory defined 
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control limits of < 20% or 2 times the Contract Required Quantitation Limit (< 2x CRQL) with the 
exception of aluminum in the duplicate analysis of 0313BBM-GD1-SW-006. The aluminum results in 
all samples in the analytical batch as noted in the validation summaries have been qualified as 
estimated (J) for sample duplicate results outside the control limits. 

Three field duplicates were collected for total and dissolved metals analyses, which met the one field 
duplicate per ten primary sample frequency required in the QAPP. The aluminum results for one 
sample (0313BBM-DC1-SW-004) and its field duplicate were outside the QAPP control limit of  less 
than < 2x CRQL. However, the EPA Region 10 data validator determined that because the remaining 
field duplicates were within the acceptance criteria and the laboratory duplicate for the batch 
demonstrated good agreement, no data would be qualified for field duplicate results. 

Serial dilutions were performed on four samples. The following results were qualified in selected 
samples as noted for serial dilution results from samples 1313BBM-GD1-SW-006 and 0313BBM-DC1-
SW-002 that were outside the control limits: Al, Ba, and Cu in the total metals analyses. 

2.2 Low-Level Mercury and Methyl Mercury (EPA Region 10 
MEL) 
All low level mercury and methyl mercury data is considered usable with qualification of some results 
as noted in the following discussion. 

No low level mercury or methyl mercury results were qualified for blank contamination. 

All LCS results met the control limits 

Six MS analyses (three for total and three for dissolved) were performed for the low level mercury 
analyses with all recoveries meeting the control limits. Seven MS analyses (four for total and three for 
dissolved), were performed for the methyl mercury analyses. All recoveries met the control limits.  

Six laboratory sample duplicate analyses (three for total and three for dissolved) were performed for 
the low level mercury analyses. Seven MS analyses (four for total and three for dissolved), were 
performed for the methyl mercury analyses. All relative percent differences (RPDs) met the control 
limits.  

Three field duplicates for total and dissolved low level mercury and methyl mercury were collected 
and analyzed. All RPDs met the QAPP control limit of 50%. 

The methyl mercury results for eleven samples were qualified as estimated (J+) based on a potential 
positive interference in the methyl mercury analysis. EPA method 1630 notes that if inorganic 
mercury is present at high levels, the mercury can react with organic material in a sample to form 
methyl mercury during the distillation step of the analysis. The data reviewer noted that inorganic 
mercury in the samples was high relative to the methyl mercury. The laboratory performed a test on 
two samples, which had low levels of inorganic mercury and in which methyl mercury was not 
detected.  Inorganic mercury was spiked at levels comparable to the levels detected in high-level 
mercury samples from the site. The spiked samples were re-analyzed for methyl mercury and low 
levels of methyl mercury were detected in both samples. It was estimated that less than 0.1% of the 
inorganic Hg may have undergone conversion to methyl mercury during the distillation step. Samples 
with inorganic Hg concentrations greater than 100 nanograms per liter (ng/L) and concentrations of 
methyl mercury such that methyl mercury production as an artifact of the preparation step reaction 
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could have been significant were qualified as estimated (J) by the MEL supervisory chemist who 
verified the data. Because this potential bias is positive, CDM Smith revised the “J” qualifiers to “J+”. 

2.3 Total Low-Level Mercury and Total Methyl Mercury of the 
Precipitation Sample (Frontier Global Sciences) 
The total low-level mercury and methyl mercury data for the precipitation sample are considered 
usable with no qualification for quality control analyses. 

No total low-level mercury and methyl mercury results were qualified for blank contamination. 

All LCS and laboratory control sample duplicate (LCSD) results met the control limits.  

Matrix QC (MS/MSD, laboratory duplicates, and field duplicates) were not required for the total-low-
level and total methyl mercury precipitation analyses per the QAPP. 

2.4 General Chemistry Parameters (EPA Region 10 MEL: TSS, 
anions, nitrate plus nitrite) 
All general chemistry data is considered usable with no qualification for quality control analyses. 

No general chemistry results were qualified for blank contamination. 

All LCS results met the control limits.  

MS/MSD analyses were performed on four samples for the anions analyses, two samples for nitrate 
plus nitrite, and two samples for total alkalinity. All recoveries and RPDs met the quality control limits. 

Four laboratory sample duplicates were performed for the anion analyses, two for the nitrate plus 
nitrite analyses, two for the total alkalinity analyses, and two for the TSS analyses. All RPDs met the 
laboratory defined control limits. 

Three field duplicates for the anion, nitrate plus nitrite, total alkalinity, and TSS analyses were 
submitted, which met the requirements of the QAPP. All RPDs met the QAPP control limit of 50%. 

2.5 DOC, UVA254, and SUVA254 (AmTest Laboratories) 
All DOC, UV254, and SUVA254 data is considered usable with no qualification for quality control 
analyses. 

No DOC, UV254, or SUVA254 results were qualified for blank contamination. 

The Standard Reference Materials (SRMs) recoveries for the DOC and UV254 analyses results met the 
control limits.  

Four MS/MSD sets of analyses were performed for the DOC analyses and all recoveries and RPDs met 
the control limits.  

Four laboratory sample duplicates were performed for the UV254 analyses. All RPDs for sample 
duplicate analyses met the control limits. 
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Three field duplicates for the DOC, UV254, or SUVA254 analyses were collected and analyzed, which 
met the requirements of the QAPP. All RPDs met the QAPP control limit of 50%. 
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Section 3   
March 2013 Stream Sediment Sampling 
Thirty-seven sediment samples (thirty-six primary samples and one field duplicate sample) and two 
rinsate blanks were collected in March 2013 and analyzed for methyl mercury by Brooks Rand 
Laboratories; CLP TAL metals, including mercury, by EPA CLP laboratory A4 Scientific; total organic 
carbon (TOC) and sulfate by EPA Region 10 MEL, and acid volatile sulfide (AVS) and grain size by ALS 
Kelso. 

3.1 CLP TAL Metals (CLP Laboratory – A4 Scientific) 
All CLP TAL metals data is considered usable with qualification of some results as noted in the 
following discussion. 

The following metals results were qualified in selected sediment samples as noted in the validation 
reports for blank contamination: Tl and antimony (Sb). 

All LCS results met the control limits.  

Two MS analyses were performed. All recoveries in the MS analyses were within the control limits 
with the exception of selenium in the MS performed on sample 0313BBM-GD1-C1-SE-2mm. Recovery 
of Se in the spike was within the range of 30-74% and the post-digestion spike recovery was above the 
lower control limit of 75%. Detected and non-detected selenium results for the sediment samples 
were qualified as estimated (J or UJ) for MS/MSD results. 

Two laboratory sample duplicate analyses were performed for the metals analyses. All RPDs for 
sample duplicate results met the control limits and no data was qualified for laboratory duplicate 
analyses. 

Field duplicates were not required for the metals analyses per the QAPP. 

Serial dilutions were performed on two samples. The following metals in the sediment samples were 
qualified as estimated (J) for serial dilution results outside the control limits: Al, As, Ba, calcium (Ca), 
Cr, Cu, iron (Fe), magnesium (Mg), manganese (Mn), and V. 

The less than 64 micron fractions of the sediment sample composites were analyzed for total mercury 
only, rather than the full CLP TAL list of metals, due to insufficient sample volume for all preps. The 
bulk and greater than 2 millimeter (mm) fractions of the sediment samples were analyzed for the full 
CLP TAL analyses. 

3.2 Methyl Mercury (Brooks Rand Laboratories) 
All methyl mercury data for the stream sediment samples collected in March 2013 is considered 
usable with qualification of some results as noted in the following discussion. 

No methyl mercury data for the sediment samples were qualified on the basis of laboratory blanks. 
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Two field rinsate blanks for decontaminated equipment and one equipment blank for decontaminated 
equipment used by Brooks Rand for the final fractionation of the less than 64 micron sediment 
samples were collected for the sediment methyl mercury analyses as directed in the QAPP. Methyl 
mercury was detected in one of the field rinsate blanks above the minimum level. The detection of 
methyl mercury in the field rinsate blank was less than 1/10th of the concentrations detected in all of 
the samples and no sediment methyl mercury data has been qualified for rinsate blank contamination.  

All methyl mercury results for Certified Reference Material (CRM) for the sediments and laboratory 
fortified blanks (LFB) for the rinsates met the control limits.  

Three MS/MSD sets were performed for the sediment methyl mercury analyses. All recoveries in the 
MS/MSD sets were within the control limits. 

Three laboratory sample duplicate analyses were performed for the sediment methyl mercury 
analyses. All RPDs for sample duplicate results met the control limits. 

Field duplicates were not required for the sediment methyl mercury analyses per the QAPP. 

Brooks Rand performs a modified version of EPA method 1630 for sediment methyl mercury analysis. 
Method 1630 includes an aqueous distillation step. It is noted in method 1630 that research has 
shown artifact methyl mercury can be generated in samples with organic material and inorganic 
mercury. This artifact production of methyl mercury can become significant in samples with high 
levels of inorganic mercury. Brooks Rand performs a dichloromethane solvent extraction with 
potassium bromide/ sulfuric acid (KBr/H2SO4) and copper sulfate (CuSO4) instead of the aqueous 
distillation to avoid the potential for artifact formation of methyl mercury. Research comparing 
alternative preparation techniques  (N.S. Bloom, J.A. Coleman, and L. Barber, 1997) identifies this 
solvent extraction technique (KBr/H2SO4/Cu) as the best alternative technique to the  aqueous 
distillation step to minimize artifact formation of methyl mercury, provide quantitative methyl 
mercury spike recoveries and a low method detection limit. While all techniques investigated showed 
some methyl mercury artifact generation, the KBr/H2SO4 and CuSO4 with dichloromethane 
extraction showed generation to be occurring at a magnitude less than that of other acceptable 
alternatives (approximately 0.0025% + 0.0013% of the total mercury) in sediment samples. The 
samples for which the concentration of methyl mercury detected was less than 10 times 0.0025% of 
their total mercury concentration have been qualified as estimated with a potential high bias (J+) due 
to possible artifact methyl mercury generation during extraction. The methyl mercury results for 14 of 
the samples as noted in the validation report have been qualified as estimated with a high bias (J+). 

3.3 TOC and Sulfate (EPA Region 10 MEL) 
All TOC and sulfate chemistry data is considered usable with no qualification based on quality control 
analyses. The TOC and sulfate results for the sediment samples are reported on a wet-weight basis. 
Reporting on a wet-weight basis yields lower values than reporting on a dry-weight basis with the 
difference being directly proportional to the percent solids.  

No TOC or sulfate results were qualified for of blank contamination. 

All LCS results met the control limits.  

Three MS analyses were performed for the TOC analyses and two MS analyses were performed for the 
sulfate with all recoveries meeting the control limits.  
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Three laboratory sample duplicate analyses were performed for the TOC analyses and two laboratory 
sample duplicate analyses were performed for the sulfate analyses with all RPDs meeting the control 
limits.  

One field duplicate for the sulfate analyses was collected and analyzed, which met the requirements in 
the QAPP. The RPD for the field duplicate met the QAPP control limit of 50%.  

Brooks Rand generated a rinsate blank from the less than 64µ fraction sediment preparation. TOC was 
not detected above the reporting level in the rinsate blank and no TOC sediment data were qualified 
for rinsate blank results. 

3.4 AVS analyses (ALS Kelso) 
All AVS data is considered usable with no qualification based on quality control analyses. 

No AVS results were qualified for blank contamination. 

All LCS results met the control limits.  

An MS/MSD analysis was not requested for the AVS analysis due to an oversight and the laboratory 
did not perform an MS/MSD set on a project-specific sample. Recoveries and the RPD for an MS/MSD 
set of analyses performed on a sample in the same analytical batch as these samples met the control 
limits. Recoveries in the LCS met the control limits and no data were qualified for the lack of an 
MS/MSD..  

One field duplicate for the AVS analysis was collected and analyzed, which met the requirements in 
the QAPP. AVS was not detected in the parent sample or the field duplicate.  

3.5 Grain Size analysis (ALS Kelso) 
The grain size analyses were complete and the grain size data is acceptable. 
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Section 4   
June 2013 Monitoring Well Installation Soil 
Sampling 
Eighty-four soil samples (seventy-six primary samples and eight field duplicate samples) and five 
rinsate blanks were collected in June 2013 and analyzed for total CLP TAL metals by EPA CLP 
laboratory Chemtech Consulting Group, and modified synthetic precipitation leaching (SPLP) metals 
by EPA Region 10 MEL. 

4.1 CLP TAL Metals (CLP Laboratory – Chemtech Consulting 
Group) 
No CLP TAL metals data for the soil samples collected in June 2013 has been rejected. All data is 
considered usable with qualification of some results as noted in the following discussion. 

The following metals results were qualified in selected soil samples as noted in the validation 
summaries for laboratory blank contamination: Sb, As, Ba, Ca, Co, Cu, Fe, Pb, Mn, Hg, Ag, and Tl.  

All metals LCS results met the control limits.  

Four MS analyses were performed for the metals analyses. All percent (%) recoveries in the MS 
analyses were within the control limits with the following exceptions: 

Sb, in all of the MS analyses (0613BBM-MW-2-SO-004.5-S, 0613BBM-MW-6-SO-005-S, 0613BBM-
MW-11-SO-20-U, and 0613BBM-MW-7-SO-005-DS)  

Se in two of the MS analyses (0613BBM-MW-6-SO-005-S and 0613BBM-MW-7-SO-005-DS)  

Cu in one of the MS analyses (0613BBM-MW-7-SO-005-DS) 

Be, Ca, Cr, Cu, Ni, V, and Zn in one MS analysis (0613BBM-MW-11-20-U)  

The following metals results in selected soil samples as noted in the validation reports have been 
qualified as estimated (J or J-) for matrix spike recoveries: Sb, Se, C, Be, Ca, Cr, Cu, Ni, V, Zn. 

Four laboratory sample duplicate analyses were performed for the metals analyses. RPDs for three of 
the four sample duplicate results met the control limits. RPDs for Ca, Mn, Ni, V, and Zn were outside 
the control limits for sample duplicate analysis for sample 0613BBM-MW-11-20-U. The Ca, Mn, Ni, V, 
and Zn results for samples in the batch have been qualified for these sample duplicate results. 

Seven field duplicates for the total CLP TAL metals analyses were collected and analyzed, which was 
slightly less than one per 10 samples required in the QAPP. All RPDs met the QAPP control limit of 
50%. 

Serial dilutions were performed on three samples for the metals analyses. The following metals in 
selected sediment samples were qualified as estimated (J) for serial dilution results outside the 
control limits: Al, Sb, As, Ba, Cd, Ca, Cr, Cu, Fe, Mg, Mn, V, and Zn.  
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Five rinsate blanks for decontaminated equipment were collected and submitted for the CLP metals 
analyses. The following metals were detected in one or more of the rinsate blanks: Al Be, Co, Fe, Mg, 
Mn, and Ni.  However, the concentrations at which these metals were detected were less than 1/10th 
of the concentrations detected in the samples and no CLP TAL metals data was qualified for rinsate 
blank contamination. 

4.2 SPLP Metals (EPA Region 10 MEL) 
No SPLP metals data for the soil samples collected in June 2013 has been rejected. All data is 
considered usable with qualification of some results as noted in the following discussion. 

No soil SPLP metals results have been qualified for blank contamination. 

All metals LCS results met the control limits.  

One MS analysis was performed for the SPLP metals analyses. All % recoveries in the MS were within 
the control limits 

One laboratory sample duplicate analysis was performed for the metals analyses on sample 
0613BBM-MW-6-SO-002.5-U.  RPDs for all metals were within the control limits with the exception of 
Al, Ba, Cu, Mn, and Zn. The results for these metals in the SPLP analyses of the soil samples were 
qualified as estimated (J) for laboratory duplicate results outside the control limits.  

One field duplicate (for sample 0613BBM-MW-10-SO-000U) for the SPLP metals analyses was 
collected and analyzed. RPDs for all metals were within the control limits with the exception of Al, As, 
Cu, Co, Fe, Mn, Mg, Hg, Ni, and V. The analytes were qualified as estimated (J) for field duplicate results 
outside the QAPP control limit of 50%. 
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Section 5   
August 2013 Surface Water and Groundwater 
Sampling 
Four surface water samples, nine groundwater samples, two field duplicates (one for surface water 
and one for groundwater), and four field blanks were collected during surface water and groundwater 
sampling in August 2013. The surface water samples were analyzed for total and dissolved CLP TAL 
metals, excluding mercury, by EPA CLP laboratory Chemtech Consulting Group and total and dissolved 
low-level mercury; total and dissolved methyl mercury; anions (fluoride, chloride, and sulfate); nitrate 
plus nitrite; and TSS by EPA Region 10 MEL. The samples were also analyzed for DOC, UV254, and 
specific UV254, (SUVA254) by Amtest Laboratories in Redmond, Washington. 

The groundwater samples were analyzed for dissolved CLP TAL metals, excluding mercury, by EPA 
CLP laboratory Chemtech Consulting Group; dissolved low-level mercury and methyl mercury; anions 
(fluoride, chloride, and sulfate); nitrate plus nitrite; and total dissolved solids by EPA Region 10 MEL. 
The groundwater samples were also analyzed for DOC by Amtest Laboratories in Redmond, 
Washington. 

5.1 CLP TAL Metals (CLP Laboratory –Chemtech Consulting 
Group) 
No CLP TAL metals data for the surface water samples from August 2013 Surface Water sampling 
event has been rejected. All data is considered usable with qualification of some results as noted in the 
following discussion. 

The following metals results were qualified in selected samples as noted in the validation summaries 
for blank contamination: Al, Sb, As, Ba, Cr, Co, Fe, Ni, Na, Ag, Tl, V, and Zn.   

All LCS results met the control limits.  

Three MS analyses were performed. All recoveries in the MS analyses were within the control limits. 

Three laboratory sample duplicate analyses were performed. Zinc results were qualified in selected 
samples as noted in the validation reports for sample duplicate results outside the control limits. 

Two field duplicates (one for surface water and one for groundwater) were collected and analyzed, 
which met the rate of one per ten primary samples required in the QAPP. All RPDs for the field 
duplicates and their parent samples met the QAPP control limit of 50%. 

The EPA Region 10 chemist performing the validation noted that it was suspected that an inadvertent 
switch of the samples labeled MW-2 and MW-5 had occurred. The data validator noted that the 
analytical results reported for the sample labeled MW-2 agreed closely with the results reported for 
the field duplicate collected from MW-5, while the reported results of the field duplicate did not agree 
closely with those for the sample labeled MW-5.  
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Ion balances were performed for all of the surface water and groundwater samples that were 
collected during the event. The majority of the samples showed good agreement between the cations 
and anions (less than 5 % RPD). The ion balances for MW-2 and the MW-5 parent sample showed 
RPDs of 8.9% and 8.0%, respectively. The RPD for the ion balance for the field duplicate collected from 
MW-5 showed an RPD of 3.3%. When the ion balances were calculated switching the metals 
identifications, the RPDs became 1.6% and 2.9%. It was requested that the laboratory re-prep and re-
analyze the samples from MW-2 and MW-5 to determine if an inadvertent switch of the samples had 
occurred at the laboratory, but the laboratory had already discarded the samples. 

Based upon the results of the ion balances as well as comparison of the results from these wells in 
August to the results for the samples collected from these two wells in November (the field duplicate 
was also collected from MW-5), CDM Smith determined that sufficient evidence was present to show 
that the MW-2 and MW-5 parent metals samples had been inadvertently switched and the data for 
MW-2 and MW-5 were switched in CDM Smith’s EQuIS database and are presented in this report with 
the metals data switched from how they were reported by the laboratory for these two samples. 

Serial dilutions were performed on three samples for the metals analyses. All serial dilution results 
met the control limits with the exception of the result for dissolved Mg in the serial dilution performed 
on sample 0813BBM-GD1-SW-000. Dissolved Mg results for samples in the SDG were qualified for a 
serial dilution outside the control limits. 

5.2 Low-Level Mercury and Methyl mercury (EPA Region 10 
MEL) 
All low level mercury and methyl mercury data is considered usable with qualification of some results 
as noted in the following discussion. 

No low level mercury or methyl mercury results were qualified for laboratory blank contamination.  

Methyl mercury was detected in the dissolved methyl mercury field blank collected at a surface water 
location below the reporting limit. The dissolved methyl mercury results for all but two of the samples 
were either not detected at the reporting limit or were detected at a concentration greater than five 
times the concentration detected in the field blank. Results for the samples collected from the GU1 and 
GD1 surface water locations were less than 5 times the level detected in the field blank. Per the 
method, the dissolved methyl mercury results for the samples collected from GD1 and GU1 have been 
reported as not detected (U) at their reported levels based on the field blank results.  

Bottle/preservative and field blanks for low-level mercury for the surface waters and groundwaters 
collected in August 2013 showed detectable levesl of mercury ranging from 0.3 to 0.8 nanograms per 
liter (ng/L), suggesting contamination from the hydrochloric acid preservative. Detected levels of 
dissolved low level mercury in all of the groundwater samples and the groundwater sample field 
duplicate for MW-5, with the exception of the sample from MW-8, were less than 5 times the highest 
detection in a field blank.  The results have been qualified as not detected at the concentrations at 
which dissolved low level mercury was reported. Detected levels of dissolved low level mercury in 
two of the surface water samples (0813BBM-GD1-SW-000 and 0813BBM-  Potable Supply-SW-
000) were less than 5 times the highest level in a field blank and per the method have been qualified 
as not detected at the levels at which the low level mercury was reported.  

All LCS results met the control limits.  
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Two MS analyses (one for total and one for dissolved) were performed for the low level mercury 
analyses with all recoveries meeting the control limits. Two MS analyses (one for total and one for 
dissolved), were performed for the methyl mercury analyses. All recoveries met the control limits. No 
data was qualified for MS/MSD results. 

Three laboratory sample duplicate analyses (one for total and two for dissolved) were performed for 
the low level mercury analyses. All RPDs met the control limits.  

One (surface water) field duplicate for total and two (one surface water and one groundwater) field 
duplicates for dissolved low level mercury and methyl mercury were collected and analyzed. All RPDs 
met the QAPP control limit of 50%.  

5.3 General Chemistry Parameters (EPA Region 10 MEL) 
The groundwater and surface waters were analyzed for anions, nitrate plus nitrite, total alkalinity, TSS 
(surface water), and total TDS (groundwater and the sample collected from the  Potable Supply 
surface water location). All general chemistry data is considered usable with no qualification for 
quality control analyses. 

No general chemistry results were qualified for blank contamination. 

All LCS results met the control limits.  

Six MS analyses (three for total and three for dissolved) were performed for the low level mercury 
analyses with all recoveries meeting the control limits. Seven MS analyses (four for total and three for 
dissolved), were performed for the methyl mercury analyses. All recoveries met the control limits.  

Four laboratory sample duplicates were performed for the anion analyses, two laboratory sample 
duplicates were performed for the nitrate plus nitrite analyses, two laboratory sample duplicates 
were performed for the total alkalinity analyses, two laboratory sample duplicates were performed 
for the TSS analyses, and two laboratory duplicate analyses were performed for the TDS analyses. All 
results for sample duplicate analyses met the control limits. 

Three field duplicates for the anion, nitrate plus nitrite, total alkalinity, and TSS analyses were 
collected and analyzed. All RPDs met the QAPP control limit of 50%. 

5.4 DOC, UV254, or SUVA254 (Amtest Laboratories) 
All DOC, UV254, and SUVA254 data is considered usable with qualification of some results as noted in 
the following discussion. 

DOC was detected in the filter blank at a concentration slightly above the reporting level. The 
concentrations of DOC detected in the samples were all above the reporting level, but less than ten 
times the concentration detected in the blank. All DOC results were qualified as estimated for a 
potential positive bias (J+) for blank contamination. SUVA254 is calculated by dividing the UV254 
absorbance by the DOC result. The SUVA254 data for the surface waters has been qualified as 
estimated with a negative bias (J-) due to the potential high bias in the DOC results (denominator).  

All Standard Reference Materials (SRMs) recoveries met the control limits 

Four MS/MSD sets were analyzed for DOC, with all recoveries and RPDs meeting the control limits. 
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Four laboratory sample duplicates were performed for the UV254 analyses. All sample duplicate RPDs 
met the control limits. 

Three field duplicates were collected for the DOC, UV254, and SUVA254 analysis. All RPDs met the 
QAPP control limit of 50%. 
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Section 6   
October 2013 Background Sediment Sampling 
Thirty-seven sediment samples (thirty-six primary samples and one field duplicate sample) and two 
rinsate blanks were collected in October 2013 and analyzed for methyl mercury by Brooks Rand 
Laboratories, CLP TAL metals including mercury by EPA CLP laboratory A4 Scientific, TOC and sulfate 
by EPA Region 10 MEL, and acid AVS and grain size by ALS Kelso. 

6.1 CLP TAL Metals (CLP Laboratory – A4 Scientific) 
No CLP TAL metals data for the background sediment samples collected in October 2013 has been 
rejected. All data is considered usable with qualification of some results as noted in the following 
discussion. 

The following results were qualified in selected sediment samples as noted in the validation 
summaries for laboratory blank contamination: Sb, Hg, and Tl.  

All LCS results met the control limits.  

Two MS/MSD sets were analyzed. All recoveries and RPDs were within the control limits.  

Two laboratory sample duplicate analyses were performed. All RPDs for sample duplicate results met 
the control limits with the exception of Hg in the duplicate of 1013BBM-UFC1-C2-SE-2mm and Mn in 
the duplicate of 1013BBM-GU1-SE-Bulk. Mn and Hg data in selected samples as noted in the validation 
reports were qualified based on these results. 

Field duplicates were not required for the sediment CLP TAL metals analyses per the QAPP. 

Serial dilutions were performed on two samples. The following metals in the sediment samples were 
qualified as estimated (J) for serial dilution results outside the control limits: Al, Ba, Ca, Cu, Fe, Mg, and 
Mn. 

Two rinsate blanks were collected. The following metals were detected in one or both of the rinsate 
blanks: Al, Pb, As, and Cu. Mercury was not analyzed in the rinsate blank samples due to a laboratory 
error. The concentrations at which these metals were detected were less than 1/10th of the 
concentrations detected in the samples. No data was qualified for rinsate blank contamination and no 
mercury data was qualified for the lack of mercury analyses of the rinsates. 

6.2 Methyl Mercury (Brooks Rand Laboratories) 
All methyl mercury data for the background sediment samples collected in October 2013 are 
considered usable. 

No sediment sample methyl mercury data was qualified for blank contamination. 

All Certified Reference Material (CRM) and laboratory fortified blanks (LFB) results met the control 
limits.  
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Three MS/MSD sets were prepared and analyzed for methyl mercury. All recoveries and RPDs were 
within the control limits. 

Three laboratory sample duplicate analyses were performed for the sediment methyl mercury 
analyses. All RPDs met the QAPP control limit of 50%. 

Field duplicates were not required for the sediment methyl mercury analyses per the QAPP. 

Two field rinsate blanks for decontaminated equipment (small glass, flat stainless-steel closure device, 
spoons, and pots) were collected by CDM Smith and one laboratory rinsate blank was collected by 
Brooks Rand for equipment used for the processing of the less than 62 µ. Methyl mercury was 
detected in one field rinsate blank above the minimum reporting level. The detection of methyl 
mercury in the field rinsate blank was less than 1/10th of the concentrations detected in the samples, 
and no sediment methyl mercury data has been qualified for field or laboratory rinsate contamination.  

As noted above, Brooks Rand performs a modified version of EPA method 1630 for sediment methyl 
mercury analysis, replacing the aqueous distillation step with a dichloromethane solvent extraction 
with KBr/H2SO4 and CuSO4 to minimize the formation of methyl mercury from organic material and 
inorganic mercury. Research notes that methyl mercury production with this solvent extraction is 
approximately 0.0025% ± 0.0013% of the total mercury in sediment samples. The methyl mercury 
results for all of the samples were greater than 10 times 0.0025% of the total mercury results, and no 
sediment methyl mercury results have been qualified for potential methyl mercury formation during 
preparation. 

6.3 TOC and Sulfate (EPA Region 10 MEL) 
At the time of this report preparation, the electronic data deliverable (EDD) with the final TOC and 
sulfate data had not been received from the laboratory. 

6.4 AVS analyses (ALS Kelso) 
All AVS data is considered usable with no qualification for quality control analyses. 

No AVS results were qualified for blank contamination. 

All LCS results met the control limits.  

One MS/MSD analysis was performed for the AVS analysis and the recoveries and RPD met the control 
limits.  

One laboratory sample duplicate was analyzed. AVS was undetected in both the parent sample and its 
field duplicate. 

One field duplicate was collected for AVS analysis. AVS was not detected in the parent sample at the 
reporting limit of 0.067 µMole/g but the reporting limit for the field duplicate was lower due to the 
amount of mass prepared and the total solids value and AVS was reported in the filed duplicate at 
0.049 µMole/g. The detection at 0.049 µMole/g is consistent with the result of less than 0.067 µMole/g 
and no data was qualified for the field duplicate result. 

6.5 Grain Size analysis (ALS Kelso) 
The grain size analyses were complete and the grain size data is acceptable. 
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Section 1  
Introduction 
This section provides a brief overview of the project, the purpose of the preliminary modeling, and an 
overview of the report. 

1.1 Watershed Description 
The Black Butte watershed is located in western Oregon between Eugene and Roseburg.  It 
encompasses approximately 10,600 acres of forestland tributary to Garoutte Creek.  Furnace and 
Dennis Creeks, are tributaries to Garoutte Creek, and pass through tailings from the Black Butte Mine 
where elevated levels of mercury have been recorded.  Garoutte Creek confluences with the Coast 
Fork Williamette River, which drains into the Cottage Grove Lake Reservoir.  Figure 1-1 shows the 
watershed boundary in addition to the perennial and ephemeral streams.  The figure also shows the 
subcatchments used for the Black Butte Mine Watershed Model, and delineated river segments 
developed from the site’s digital elevation model (DEM) (Gersch et al., 2001, & Gesch, 2007). 

Details 
shown in 
Figure 2-3

 

Figure 1-1. Black Butte Mine Watershed Model Project Area 
 
The watershed’s headwaters are at an elevation of approximately 3,300 feet North American Datum 
1983 (NAD 83), and decline to approximately 1,000 ft NAD 83 at the watershed mouth.  The National 
Land Cover Database (NLCD, Fry et al., 2011) estimates land covers in the watershed at 
approximately 42% evergreen forest, 28% shrub/scrub, 13% grassland/herbaceous, and the 
remaining 7% consisting of mixed, barren, deciduous forest, and developed areas.   

1.2 Purpose of Black Butte Mine Watershed Modeling Project 
The purpose of the Black Butte Mine modeling project is to satisfy the following objectives: 
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 Simulate annual hydrology and mercury loading for the existing conditions of Garoutte Creek 
watershed; 

 Develop and simulate mercury transport reduction methods to determine effective mercury 
mitigation for Black Butte Mine. 

The following memo documents the preliminary development of the Black Butte Mine Watershed 
Model. The goal for this portion of the study is to develop a watershed model that is calibrated to the 
hydrology of the site. After hydrology calibration, simulations of water quality were implemented for 
the existing condition. Ultimately, management alternatives will be tested that alter the site hydrology 
and/or water quality and the model will evaluate their effectiveness for reducing mercury loading into 
the Coast Fork Williamette River and Cottage Grove Lake Reservoir downstream of the mine. 

1.3 Report Overview 
This report provides a summary of the Black Butte Mine Watershed Model construction, calibration, 
and recommendations for filling data gaps and future model supported management scenarios.  It 
contains the following: 

Section 1:  Introduction – provides description of the watershed, the purpose and objectives of the 
watershed modeling effort and a report overview. 

Section 2:  Model Construction – provides details on the selected Watershed Analysis Risk 
Management Framework (WARMF) model inputs and assumptions used during model construction to 
address data gaps. 

Section 3:  WARMF Calibration – provides model parameters in the WARMF software, which were 
modified for the hydrology calibration.   

Section 4: Water Quality Simulation – provides preliminary water quality simulation results and 
compares them to data from the March 2013 wet weather monitoring event and August 2013 dry 
weather monitoring event.  These were the data currently available at the time of the preparation of 
this report.1  

Section 5: WARMF Maintenance Recommendations and Future Scenarios – provides a discussion 
regarding data gaps, additional calibration efforts and future scenarios to address water quality effects 
of nonpoint source loadings in the watershed. 

Section 6: References – provides a list of references used in the report. 

Project memorandums and reports leading up to WARMF model construction are included as 
attachments to this report.  These include: 

Attachment A:  Sub-catchment Land Coverage 

Attachment B:  Sensitivity Analysis Charts 

 

1 An additional wet weather monitoring event occurred in November 2013, but data were not available at the 
time this watershed modeling report was being prepared. 

1-2 
BBM WARMF Model Hydrology Tech Memo Rev 5_sew.docx 

                                                                 



 

Section 2  
Black Butte Mine Model Construction 
The following section describes the development of the inputs into the Black Butte Mine Model.   

Several models were evaluated to determine the best approach for simulating hydrology and mercury 
loading from the BBM tailings area to meet the objectives of the study, including the Watershed 
Analysis Risk Management Framework (WARMF), Storm Water Management Model (SWMM), Stream 
Water Quality Model (QUAL2K), Water Quality Analysis Simulation Program (WASP7), and 
Spreadsheet-based Ecological Risk Assessment for the Fate of Mercury (SERAFM). Each of these tools 
offer certain strengths that would make it the most effective in simulating one or more hydrologic or 
mercury fate and transport processes.  

WARMF was ultimately selected because its strengths fit well with the study watershed, a largely 
undeveloped steep headwater catchment with an abandoned mercury mine. WARMF was updated in 
2006 to facilitate simulations of mercury fate and transport, including mechanisms for wet and dry 
atmospheric deposition, legacy sediment leaching, soil erosion from tailings areas, and channel 
bottom sediment resuspension (EPRI, 2006). The update also incorporated many new functions that 
are more common to receiving water models such as QUAL2K, WASP7, and SERAFM; however these 
features did not distinguish WARMF from other potential modeling approaches. Instead, it was the 
approach used by WARMF for subsurface hydrology and water quality that could not be found with 
the other tools. Moreover, WARMF offers a user friendly interface that would allow for more efficient 
model construction by GIS import and simple copy and paste key strokes for time series data inputs 
(EPRI, 2001a, EPRI, 2001b).  

As the study transitions to focus on downstream receiving waters, i.e. Cottage Grove Lake Reservoir, 
with seasonal thermal stratification and complex food webs, the team will evaluate WARMF’s recent 
receiving waterbody functions for biogeochemical cycling and fish accumulation of mercury against 
other available tools.  

2.1 WARMF Sub-catchment Development 
CDM Smith utilized ArcHydro®, an ESRI GIS extension tool, to delineate subcatchments within the 
watershed for use in development of the WARMF model.  This process resulted in the separation of 
the Garoutte Creek watershed into 27 catchments (Figure 2-1).  The catchment that contains Black 
Butte Mine was divided into smaller catchments (<50 acres) to improve the model resolution within 
the mine tailings area. The further catchment refinement will help identify areas of the mine that are 
in most need of remediation.   

ESRI Spatial Analyst ® was used to calculate an area weighted slope and aspect for each of the 27 sub-
catchments.  The sub-catchment layer was converted to a geographic coordinate system 
(latitude/longitude) to be imported into WARMF.  Attributes of the GIS layer were linked to WARMF 
subcatchment specific parameters. 

ESRI Spatial Analyst ® was also used to calculate upstream and downstream elevations, length, and 
slope for each of the rivers generated by ArcHydro to connect nested sub-catchments.  For each river 
segment, ArcHydro develops a hydrologic network by including the sub-catchment name which the 
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river segment drains.  The river shapefile was converted to a geographic coordinate system and 
imported into WARMF.  Attributes of the GIS layer were linked to specific WARMF river segment 
parameters. 

Figure 2-1 shows the Black Butte Mine Watershed Model sub-catchments and the Dynamic Digital 
Elevation Model (DEM) delineated river segments after importing into WARMF.  This level of spatial 
discretization is appropriate given the location and number of monitoring stations with relevant flow 
and water quality data.   

 

Figure 2-1. Black Butte Mine Watershed Model Sub-catchment Delineations 

2.2 WARMF Model Inputs 
The DEM was the basis for constructing watershed boundary conditions, including sub-catchment and 
rivers into the WARMF model. Additional data used to drive the WARMF model included land use 
distribution and time series of available meteorological, hydrology, water quality, point sources and 
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other unique sub-catchment and river parameters. These input data, processes and assumptions 
involved in entry into the WARMF model format are described below.   

2.2.1 Land Cover 
The Multi-Resolution Land Characteristics (MRLC) consortium maintains a National Land Cover 
Database (NLCD), developed from analysis of decadal Landsat satellite imagery (Fry et al., 2011, 
http://www.mrlc.gov/index.php). Land cover type for the study area was downloaded from the NLCD 
and land use distributions for each sub-catchment were calculated using ESRI Spatial Analyst ® for 
importing into the WARMF model. Figure 2-2 shows the classified land coverages for the study site, 
and Table 1-1 summarizes the land cover distributions for the Black Butte Mine model and the acres 
for each classification, and the translated land cover types used in the model.  Land cover type 
distribution by specific sub-catchments are shown in Attachment 1. 

Figure 2-2.  Black Butte Mine Watershed Model Land Coverage Map 
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Table 1-1.  NRCS Land Cover Type Distribution in Garoutte Creek Watershed and Translated WARMF 
Model Land Uses   

Land Cover Classification 
(NLCD) 

Total Area 
(acres) 

WARMF Land 
Use ID 

WARMF Land 
Use 

Barren Land (rock/sand/clay) 12 11 Barren 
Deciduous Forest 3 1 Deciduous 
Developed, Low Intensity 7 12 Residential 
Evergreen Forest 6,026 2 Coniferous 
Grasslands/Herbaceous 581 7 Rangeland 
Mixed Forest 19 3 Mixed Forest 
Shrub/Scrub 3,909 3 Mixed Forest 

 

2.2.2 Observed Hydrology 
Flow gauging at four stations within the study area began in November 2012 and is currently ongoing. 
One year of continuous flow data was used to calibrate the WARMF model hydrology (November 28, 
2012 through November 27, 2013). For each station, a long-term hydrograph was estimated from 
water level data (recorded every 15 minutes) based on a rating curve of depth and discharge. The 
rating curves were created from a fitted relationship of field measurements of depth and discharge. 
The stations are located at major tributaries (Furnace and Dennis Creek) and in Garoutte Creek (above 
and below the tailings area). The locations were selected to provide a general understanding of the 
hydrologic conditions. Figure 2-3 shows the locations of the monitoring sites.  The locations are as 
follows: 
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Figure 2-3. Monitoring Site Locations 

 Garoutte Creek Upstream (GU1): The main creek that collects water from the entire watershed.  
This monitoring point is upstream of Black Butte Mine and for water quality purposes 
represents background conditions. 

 Furnace Creek (F1):  This tributary to Garoutte Creek was a depositing area for tailings from the 
Old Furnace area and receives some runoff from New Furnace tailings deposits.  Consequently 
discharges from this creek have elevated concentrations of mercury.  The creek is ephemeral, 
with discharges usually occurring from early winter to late spring. 

 Dennis Creek (D1):  This tributary to Garoutte Creek collects runoff from the cinnabar ore zone 
and a portion of the New Furnace mine tailings area. 

 Garoutte Creek Downstream (GD1):  This monitoring location is downstream of the mining site.  
From December 1, 2012 to March 4, 2013, the monitoring device was inoperable and no flows 
were recorded. Therefore, a synthetic hydrograph was created using the summation of the 
upstream water sources (GU1 and F1) to fill in the data gap. 
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In addition to flow monitoring, each flow gauging location was equipped with an electronic multi-
sensor data-logger. Collected data from the sensors include water depth, temperature, turbidity, pH, 
and conductivity. These data were imported to the WARMF model for comparison with simulation 
results. 

2.2.3 Sub-catchment and Stream Segment Parameters 
In addition to the time-series data described above, WARMF included parameter inputs for each of the 
sub-catchments and stream segments.  These inputs are summarized below. 

Sub-catchment Parameters 

Physical Data – Width 

The width of the sub-catchment is the representative width parallel to the length of the stream banks.  
Therefore, the length of each stream segment in each sub-catchment was doubled to represent the 
length of the banks on either side of the stream segment.  This accounts for a hydrologic flowpath on 
each stream bank for each sub-catchment.  

Soil Layers 

Thickness, Field Capacity, Initial Moisture, Saturated Moisture, and Horizontal and Vertical 
Conductivity were estimated for three soil layers based on soil series data downloaded from the NRCS 
web soil survey (NRCS, 2013, http://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm). Initial 
estimates for these parameters were calculated for each sub-catchment by using ArcGIS to union the 
soil series map layers and associated soil properties within the sub-catchment layer (Figure 2-4). 
These average values were input into WARMF for each sub-catchment.  Original estimates were 
modified during the calibration process as discussed in Section 3.   
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Figure 2-4. Spatial Distribution of Soil Series Type in Garoutte Creek 
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Section 3  
Black Butte Mine Watershed Model Calibration 
Section 3 discusses the model calibration method used to estimate hydrology parameters as well as 
results of the sensitivity analysis. 

3.1 WARMF Model Calibration Overview 
Calibration involves minimizing the deviation between measured field conditions and model output 
by adjusting parameters of the model. The purpose of model calibration is to demonstrate a 
reasonable goodness of fit with current conditions to increase confidence in results from future 
management scenarios for water quality improvement. 

Data required for this step are measured flow and water quality and other key field observations to 
compare with model results. If the model is calibrated properly, the model predictions will be 
acceptably close to the measured data. Parameter adjustment must be performed with caution to 
avoid achieving a good fit downstream while incorrectly characterizing watershed processes.  Data 
analysis for the first year of the study was relied upon to appropriately develop initial parameter 
estimates and reasonable ranges for adjustment during calibration. Each section below incorporates 
key elements of the initial data analysis and describes how the findings influenced the WARMF model 
for the study area. 

The capability of any model to accurately predict hydrology and associated water quality loads is 
directly related to the accuracy of input data and the accuracy and completeness of observed data 
available for comparison.  

3.2 Hydrology Calibration 
The purpose of the hydrology calibration is to develop a model that predicts runoff similar to 
historical data in the watershed during a variety of climactic conditions. Hydrologic calibration is 
critical for any further use of the model for subsequent water quality predictions and management 
alternatives evaluations. The one year period of record for the calibration simulation is approximately 
from November 28, 2012, to November 27, 2013; however, data is still being collected and calibration 
will be updated in the next year of the Study. 

For the hydrology calibration, simulated average daily flows were compared to historical average 
daily flows for the one year period of record and model parameters were adjusted within reasonable 
ranges to obtain a close match between observed and predicted flows. 

3.2.1 Hydrology Calibration Locations 
Flow data computed from water levels sensors described in Section 2.2.2 were used for hydrology 
calibration. The locations are at major tributaries and flowpaths around the mine and provide a 
general understanding on the hydrologic conditions throughout the year.   

The calibration process consolidated sub-catchments into three catchments, and parameter 
adjustments were applied to all sub-catchments within the catchment.  The catchments reduce the 
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amount of runs required by the model to obtain results, and are based on the areas upstream of each 
monitoring location.  The catchments are: 

 FC1 Catchment:  This includes all sub-catchments upstream of the Furnace Creek monitoring
location (FC1).

 DC1 Catchment:  This includes all sub-catchments upstream of the Dennis Creek monitoring
location (DC1).

 GU1 Catchment: This includes all sub-catchments upstream of Upper Garoutte monitoring
location (GU1).

 GD1 Catchment: This includes all sub-catchments upstream of GD1 except for Upstream
Garoutte (GU1), Furnace (FC1), and Dennis (DC1) catchments

3.2.2 Hydrology Calibration Parameters 
Provided below is a discussion of the WARMF model parameters that were modified as part of the 
calibration process. WARMF parameters are either applied to the entire watershed or on a sub-
catchment basis. For this study, only sub-catchment specific parameters were modified, including: 

 Detention Storage – the percent of surface water that is not available for surface runoff because
it is stored within the watershed

 Soil Layer Thickness – the average thickness of each of the three soil layers

 Initial Soil Moisture – the initial volume fraction of water in each soil layer

 Soil Moisture Field Capacity – the volume fraction of water in each soil layer that does not flow
out of the soil

 Soil Saturation Moisture – the maximum volume fraction of water in each soil layer

 Horizontal Hydraulic Conductivity – the ratio of velocity to hydraulic gradient and indicates the
permeability of the soil

 Root Zone Distribution – the ratio of plant roots and associated soil water transpiration
between the different soil layers

The calibration process was initially performed using the Autocalibration tool within WARMF.  The 
tool runs the model a given number of times, adjusting parameters between each run to get the model 
values to match the monitored data as close as possible.  Only the sub-catchment parameters are 
available for autocalibration. All other parameters were either obtained from site research as stated 
above, or use the base parameters provided by WARMF. WARMF uses a set of autocalibration 
coefficients provided by the modeler to determine the limits for adjusting the parameters.  A total of 
150 iterations were performed for the calibration.  After the autocalibration, the parameters are 
manually adjusted to further minimize the discrepancy between modeled and measured data. 

3.2.3 Hydrology Calibration Results 
Annual hydrographs of measured and modeled flow for the one year period of record are presented 
for all four monitoring locations (Figures 3-1 through 3-4). A table showing the autocalibration 
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coefficients used in the calibration process and the results of the soil calibration methodology are 
shown in Table 3-1.  Table 3-2 shows the annual average, median, and peak flows for both the 
measured data and the modeled data for the period of record.   

The difference in average flow rate indicates the difference in annual volume between the measured 
flowrate and the modeled system.  The range in percent differences are between 5.6% and 37.0%.  
This indicates that the model is overpredicting annual volumes compared to the monitored data.  
Median values range between 4.7% and -18.0% for Upper Garoutte Creek, Dennis Creek, and Lower 
Garoutte Creek.  Furnace Creek has a difference of -94.0%, however the creek has very small flows and 
is often dry throughout most of the year, which greatly exacerbate difference in the annual average 
and median values.   

Generally, more flashy hydrographs are developed by reducing the volume of storage available within 
the soil layers, therefore reducing soil layer thickness resulting in higher peak flows.  Similarly, 
reducing the available water content, the difference between the field capacity and saturated moisture 
content, increases runoff volumes by reducing the amount of water stored in the soil layers that is 
available for plant transpiration.  Reducing this parameter also contributes to flashier hydrologic 
simulation results.  

The greatest peaks in the measured data record occur at the beginning of the period of record, around 
the end of November, 2012 as a result of large rainfall events. This required the model to start 
simulations under a mostly saturated initial condition that had to be estimated.  This initial estimate of 
saturation may be the reason for lower calibration under the higher observed stage levels for Garoutte 
Creek and Dennis because these streams have a shallow groundwater driven hydrology, that imparts a 
high level of sensitivity in the model to the initial soil water storage condition (see Section 3.3).   
Additional data collected over several storm event peaks, including a large storm event similar to the 
large rainfall events that occurred at the beginning of the monitoring record will help refine model 
hydrology calibration.  

Overall, the results indicate general consistency between measured and modeled results.  As stated 
above, additional calibration efforts will be performed to reduce model discrepancies as more field 
data are collected.
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Figure 3-1.  Garoutte Creek Upstream Site Preliminary Calibration Results 
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Figure 3-2.  Furnace Creek Site Preliminary Calibration Results 
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Figure 3-3.  Dennis Creek Site Preliminary Calibration Results 
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Figure 3-4.  Garoutte Creek Downstream Site Preliminary Calibration Result 
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Table 3-1.  Catchment Group Calibrated Soil Parameters  
Catchment Group Autocalibration 

Coefficients 
(min – max) 

Dennis Creek (D1) Furnace Creek (F1) Remaining 
Catchments 

Soil Layer 1 2 3 1 2 3 1 2 3 
Thickness (cm) 10 – 1000 10 140 300 15 140 380 10 150 390 
Initial Moisture 0.1 – 0.5 0.3 0.3 0.3 0.3 0.3 0.3 0.35 0.35 0.3 
Field Capacity 0.1 – 0.5 0.3 0.3 0.3 0.3 0.3 0.3 0.25 0.25 0.3 
Sat Moisture 0.1 – 0.5 0.4 0.32 0.35 0.4 0.35 0.425 0.4 0.35 0.4 
Horizontal 
Conductivity (cm/d) 

100 – 50,000 
15,500 1,000 100 12,000 8,000 750 12,500 8,500 200 

Vertical Conductivity 
(cm/d) 

100 – 50,000 
15,000 1,000 100 12,000 8,000 750 12,000 8,000 100 

Root Distribution* 1 0 0 0.75 0.25 0 1 0 0 
Density (g/cm3)* 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 
Soil Tortuosity* 10 10 10 10 10 10 10 10 10 

* Value cannot be adjusted through WARMF autocalibration, and was therefore selected from
existing parameters or manually adjusted 

Table 3-2.  Comparison between Measured Stream Flows and the WARMF Modeled Stream Flows  
Waterbody Annual Average Flowrate 

(cfs) 
Median Flowrate (cfs) Peak Flowrate (cfs) 

Upper Garoutte Creek (measured) 0.62 0.47 6.1 
Upper Garoutte Creek (modeled) 0.70 0.49 3.6 
Furnace Creek (measured) 0.0014 3.2 x 10-5 0.017 
Furnace Creek (modeled) 0.0016 1.9 x 10-6 0.022 
Dennis Creek (measured) 0.039 0.027 0.57 
Dennis Creek (modeled) 0.054 0.023 0.32 
Lower Garoutte Creek (measured) 0.69 0.61 6.38 
Lower Garoutte Creek (modeled) 0.72 0.50 3.62 

3.3 Hydrology Sensitivity Analysis 
The impact of changes to different parameters on the accuracy of the hydrologic calibration was 
determined by performing a model sensitivity analysis. There are many different approaches to 
conducting a sensitivity analysis of wide ranging complexity. For the Black Butte Mine Watershed 
Model, a quantitative sensitivity analysis was performed by running the model with changes to an 
individual parameter of either +50% or -50% of the calibrated parameters model. The +50% 
represented an upper boundary of potential parameter values, and the -50% represented a lower 
boundary. The sensitivity analysis was performed for the Dennis Creek site, with the resulting annual 
average flows compared to the model calibrated annual average flows for that site.  

Table 3-3 shows the parameters used for each sensitivity run, and Table 3-4 shows the sensitivity 
results for the annual average and maximum flowrate as the percent difference compared to the 
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calibrated parameter run for each of the sensitivity runs.  Charts showing the runs compared to the 
calibrated parameter run are shown in Attachment B.   

The sensitivity analysis shows that the most sensitive parameters for affecting annual flowrate in the 
Black Butte Mine model are the saturated moisture content and precipitation, with soil thickness and 
field capacity showing moderate sensitivity.   The sensitivity analysis reveals that simulated wet 
weather runoff rates are predominantly controlled by the soil layer generating runoff. As the soil 
storage capacity is exceeded in the lowest soil layer, more rapid outflow occurs from the middle and 
upper soil layers. Ultimately, if all three soil layers are saturated, then overland flow significantly 
increase peaks. Accordingly, the layer thickness and soil water holding capacity parameters are highly 
sensitive. If decreased, simulated event flows are increased.  

Table 3-3. Dennis Creek Sensitivity Parameters 
Calibration Parameters Upper Bound Lower Bound 

Soil Layer 1 2 3 1 2 3 1 2 3 

Thickness (cm) 10 140 300 15 210 450 5 70 150 

Field Capacity (ratio) 0.30 0.30 0.30 0.45 0.45 0.45 0.15 0.15 0.15 

Sat Moisture (ratio) 0.40 0.32 0.35 0.60 0.48 0.525 0.20 0.16 0.175 

Horizontal Conductivity (cm/day) 15,500 1,000 100 23,250 1,500 150 7,750 500 50 

Vertical Conductivity (cm/day) 15,000 1,000 100 22,500 1,500 150 7,500 500 50 

Surface Roughness (Manning's n) 0.10 0.15 0.05 

River Manning's N 0.04 0.06 0.02 

Annual Average Precipitation 
(in/hr) 

0.0066 0.0099 0.0033 

Table 3-4. Deviation of Annual Average Flow and Peak Flow Based on Sensitivity Runs Related to 
Calibration Coefficient for Dennis Creek 

Run Percent change in average annual flowrate Percent change in maximum flowrate 

Upper Bound (+50%) Lower Bound (-50%) Upper Bound (+50%) Lower Bound (-50%) 

Soil Thickness -3.5% 4.8% -45.3% 4.8% 

Field Capacity -1.6% 5.5% 31.0% -86.0% 

Saturated Moisture -39.9% 10.2% -95.1% 31.9% 

Horizontal Hydraulic Conductivity 0.0% -0.9% -6.3% 4.4% 

Vertical Hydraulic Conductivity 0.0% 0.0% 0.0% 0.0% 

Surface Roughness (Manning's N) 0.0% 0.0% -1.3% 1.6% 

River Manning's N 0.0% 0.0% -1.8% 2.4% 

Precipitation 68.1% -53.5% 61.3% -72.6% 

The surface runoff parameters for overland flow roughness and hydraulic conductivity were relatively 
insensitive, showing very little impact upon the simulation results, which may be due to the infrequent 
occurrence of overland flow. The percent change in maximum flowrate represents how changes in the 
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parameter affect the shape of the hydrograph. Hydrograph shape is defined by the general shape of 
the runoff distribution.  

Generally, the results showed that hydrology is most sensitive to precipitation, saturated moisture, 
and field capacity.  Soil thickness has a moderate but still significant impact.  

3.4 WARMF Hydrology Findings 
Based on the initial model, groundwater flow is the primary source of water for Garoutte Creek.  It 
takes many days before the stormwater from an event subsides and only the base water flow remains. 
While this may indicate that surface runoff is not as significant of an issue, the peaks for the 
hydrographs are not fully represented with the calibrated parameters as indicated in Section 3.2.3, 
and additional calibration to simulate greater surface runoff is needed to represent the peaks more 
accurately.  In addition, other parameters such as evapotranspiration and channel roughness are not 
fully implemented yet, and may require additional calibration efforts as part of future work. 

The final storm in the simulation period (in late September 2013) had significant precipitation depth, 
but generates little to no flow at the monitoring stations.  This may occur due to the reduction in 
groundwater levels during the summer months, which creates additional capacity to store additional 
precipitation.  For the first storms during the autumn months, almost all precipitation is stored in 
subsurface aquifers, until enough storms fill the groundwater to capacity.  Once the aquifer saturation 
point is reached, storms begin generating excess runoff, causing additional flow into Garoutte Creek. 

Furnace Creek is simulated differently compared to the other models due to being an ephemeral 
stream.  During the summer months, Furnace Creek remains dry.  The initial storm events during the 
autumn months do not produce runoff until saturation is reached, at which point runoff will be 
generated.  This hydrology dynamic is able to be accurately represented within the model.  

The current calibration analysis only simulated one year of data. In addition, before the start of flow 
monitoring, a series of storm events occurred at the site in November, causing the groundwater levels 
to increase significantly, as well as the river water depths.  These storm events are not captured in the 
current calibration analysis, and therefore the first days of the study are difficult to calibrate for, 
although additional precipitation data from nearby stations may be used to augment the existing 
precipitation timeseries to simulate these events in the future. 

The soil layer simulated in this model is typically around 5 meters deep. This may be shallower than 
anticipated; however, the above ground soil layer rests above a clay layer separating the above soil 
layer from the bottom soil layer and bedrock.  The clay layer acts as a semi-impervious layer, 
retarding the percolation, and causing the soil layer to be simulated as more shallow. 

While sufficient for a preliminary analysis, additional monitoring data will enable greater accuracy of 
long-term hydrology patterns. Accurate input data to drive WARMF and downstream field 
measurements for comparison are important to model calibration. There is uncertainty in both of 
these data, therefore it is impossible to achieve a close match at all locations at all times. In addition to 
natural measurement error, there is significant spatial and temporal variability of key input data such 
as from a meteorological station at a single point, or uniform soil layer thickness. Thus, the current 
model should be considered a work in progress.   

Key findings of the hydrology calibration: 
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 Water balance elements of the model are performing well;

 Groundwater transport is the primary method for water reaching the outflow point;

 Groundwater parameters dominate calibration of the model;

 Shallow groundwater depth is due to a clay layer that retards groundwater from infiltrating;

 Furnace Creek ephemeral stream dynamics simulated;

 Summer months reduce groundwater, resulting in additional storage for storms up until the
saturation point is reached.

The following list depicts future work for the hydrology portion of the model: 

 Update the model with additional flow gauge data as it becomes available;

 Calibrate parameters to accurately simulate summer and early autumn hydrology;

 Use nearby rain gauges to augment precipitation data;

 Additional calibration of evapotranspiration losses;

 Adjust parameters to simulate greater surface runoff generation during storm events.
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Section 4 
Water Quality Simulation 
Preliminary water quality simulations were implemented using the WARMF model described above. 
Critical to any water quality model is the accuracy of the hydrologic calibration because downstream 
loads are a function of both runoff volume and pollutant concentration. Therefore, water quality 
simulations will be updated as additional gauging data is obtained and used to improve the hydrologic 
calibration.  

WARMF was updated in 2006 to incorporate a detailed series of algorithms for simulating sources, 
mobilization, transformation, and biological uptake of mercury. This update encompasses more than 
what is needed to develop a mercury water quality model for the watershed study area. The 
watershed study area is a headwater catchment that is largely undeveloped and mountainous. 
Transformation processes, such as methylation, evasion, reduction, and bioaccumulation of mercury 
between its various forms play a larger role within receiving waters. Therefore, WARMF was 
developed without these processes for the Study area; however, as downstream waterbodies are 
added in latter phases of the RI, more of the receiving waterbody functionality can be developed.   

4.1 Mercury Sources 
Water quality simulations for the Black Butte Mine Watershed Model have focused on several key 
mercury sources in the headwater catchment around the BBM tailing area. Specifically, evaluated 
sources include: 

 Wet and dry atmospheric deposition

 Leaching of mercury from groundwater to the creeks

 Erosion of watershed soils containing mine tailings

 Resuspension of channel bottom sediments containing mine tailings

The following sections describe how existing remedial investigation data was used to correctly 
characterize each of these potential sources of mercury in the WARMF model for the study area. 

4.1.1 Atmospheric Deposition 
Mercury as Hg0 and Hg2+ is within the atmosphere throughout the world from both natural and 
anthropogenic sources. Atmospheric mercury settles to ground and may cause or contribute to water 
quality exceedances in receiving waterbodies. There are four different pathways for atmospheric 
mercury to reach a downstream waterbody, as follows: 

 Dry deposition directly to waterbody

 Dry deposition to watershed and subsequent mobilization to waterbody

 Wet deposition directly to waterbody

 Wet deposition to watershed and subsequent mobilization to waterbody
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Wet Atmospheric Deposition 

The Mercury Deposition Network (MDN) is a part of the National Atmospheric Deposition Program 
(NADP), a cooperative monitoring program comprised of federal and state agencies, academic 
institutions, Native American tribal governments, and private organizations (see 
http://nadp.sws.uiuc.edu/MDN/). Total mercury concentration in precipitation has been monitored 
by the MDN since 1996. One of the ~100 stations was located in the H.J. Andrews experimental forest, 
approximately 20 miles north of the Study area. Weekly rainwater samples were collected over a 
seven year period (December 2002 – December 2010) from this MDN station before it was 
decommissioned. Figure 4-1 shows the monthly averages of rainwater mercury concentration (ng/l) 
from the H.J. Andrews Experimental Forest station. 

Figure 4-1. Wet and Dry Atmospheric Deposition of Mercury 

The rainwater concentrations are comparable to low flow concentrations within Garoutte Creek both 
upstream and downstream of the BBM tailings area. However, the direct wet deposition into the 
creeks is a negligible pathway for atmospheric mercury to the receiving waterbody. Most rainwater 
infiltrates into the shallow groundwater where it interacts with the watershed soils before being 
released to the creeks. The adsorption and desorption of mercury between soil particles and pore 
water is then a critical process that influences the amount and timing of mercury discharged to creeks 
from shallow groundwater springs, as described in the following section. 

One rainwater sample was collected and analyzed for total mercury from the March 2013 storm event 
from the meteorological station located within the Study area. The total mercury concentration of 3.09 
ng/l is very close to the historical average of March samples collected from the decommissioned 
nearby H.J. Andrews Experimental Forest station. Thus, the historical monthly averages from H.J. 
Andrews Experimental Forest were used as data inputs for wet deposition in the WARMF model of the 
Study area.   
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Dry Atmospheric Deposition 

Limited data is available in the region for the concentration of mercury in air, which combined with a 
particle settling rate, gives the dry deposition flux to either surface water or watershed soils. The most 
comprehensive data source for mercury air quality is the Atmospheric Mercury Network (AmNet). 
AmNet established a network of monitoring stations for the purpose of measuring atmospheric 
mercury fractions that contribute to dry and total mercury deposition. Sites collect concentrations of 
atmospheric mercury species from automated, continuous measuring systems. The closest sites to the 
BBM study are in Santa Cruz, CA and Salt Lake City, UT. These data are expected to be made available 
to the project team in the first quarter of 2014 and will be used to refine model inputs, if warranted. 

An alternative to measuring concentrations of mercury in air samples is to infer dry deposition from 
wet deposition. For mercury, several studies have found a 1:1 wet to dry ratio of annual atmospheric 
deposition (EPA, 2001). This ratio was assumed for developing input data for the BBM Study WARMF 
model, whereby annual wet deposition was assumed to equal annual dry deposition. Annual dry 
deposition (mg/yr) was converted to a monthly mercury concentration (Cair) in air (pg/m3) for month 
i as a function of the variability in wet deposition (Mwet) over the drainage area (A) in square meters 
and the monthly gaseous deposition rate (Dgaseous) in meters for mercury, as follows:  

𝐶𝑎𝑖𝑟−𝑖 =  1𝐸6 ∗
�𝑀�𝑤𝑒𝑡 +  0.5 𝑀�𝑤𝑒𝑡 ∗  �𝑀𝑤𝑒𝑡−𝑖

𝑀�𝑤𝑒𝑡
− 1��

𝐴 ∗ 𝐷𝑔𝑎𝑠𝑒𝑜𝑢𝑠

Literature estimates of gaseous deposition rate for mercury are approximately 1 cm/sec or about 
26,000 meters per month depending upon the number of days. Figure 4-1 shows the estimated 
monthly concentration of mercury in air used for the WARMF model. 

4.1.2 Groundwater Leaching 
A potential pathway for mercury to be delivered to creeks in the watershed study area involves 
desorption of mercury ions from soils to porewater and then discharge in the form of groundwater 
springs. Data was collected during the remedial investigation to evaluate the importance of 
groundwater leaching in downstream mercury loads. Specifically, shallow groundwater was sampled 
and found to have mercury concentrations lower than in rainwater, ranging from 1.1 to 3.4 ng/l Hg in 
all sampled wells except for MW8, where 20.7 ng/l was measured (Table 4-1). It is important to note 
that MW10, in the Furnace Creek area was not sampled in June 2013, because it did not recharge after 
purging. Given the high concentrations of total mercury (~500 ng/l) within Furnace Creek surface 
water samples collected during baseflow conditions before and after the March 6 storm event, it is 
expected that shallow groundwater in the Furnace Creek area will have significantly higher 
concentrations than for other monitoring wells. Groundwater sampling of the OU1 monitoring wells is 
anticipated for upcoming field work in 2014 (Spring Quarter Sampling).  During the spring quarter 
sampling event the groundwater is anticipated to be at its highest level of saturation, which may allow 
for feasible sampling of MW10 and MW11 (another shallow well completed in the mine tailings area). 

Mercury concentration in monitoring well water samples were compared with sediment mercury 
concentrations for sediments near the screening interval of the monitoring wells to estimate a 
partition coefficient between sediment bound and porewater mercury concentration, as follows: 
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𝑘𝑑 =
𝐶𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 �

𝑚𝑔
𝑘𝑔 �

𝐶𝑝𝑜𝑟𝑒𝑤𝑎𝑡𝑒𝑟 �𝑚𝑔𝐿 �

This coefficient is used in each soil layer in the WARMF model to estimate mercury concentrations in 
groundwater outflow to the creeks. Table 4-1 shows the estimated site specific partition coefficients 
for monitoring wells with available data. Subsequent WARMF model updates will leverage new data 
planned for collection in the next phase of the RI. 

These partition coefficients are high relative to typical values found from other mercury studies, 
where a range of partition coefficients of 1.3E3 to 5.7E5 L/kg was estimated from several monitoring 
data (Lyons et. al., 2006). This may be due to the very high clay fraction in the study area sediments. 
Clays have a higher capacity to adsorb cations and anions due to a greater surface area for attraction 
and greater portion of organic matter in their composition. The significant retention of mercury in the 
watershed soils may also be inferred from most of the vertical profiles of soil mercury concentration, 
which shows a steep decline in soil mercury concentration from surface soils within the first five feet 
below ground (see Section 4.1 of the OU1 Data Summary Report).  

Thus, the soils in the watershed study area may serve as a natural sink of mercury, reducing the 
potential impact of groundwater leaching to downstream waterbodies. However, mercury sorbed to 
watershed soils can be conveyed downstream by erosion. Lyons et. al. (2006) plotted the relative 
portion of mercury load as leached in subsurface runoff versus transported with eroded soils as a 
function of the partition coefficient. At partition coefficients greater than 1E+05, almost all 
downstream mercury loads were attributed to soil erosion. The relatively high partition coefficients 
shown for the site soils in Table 4.1 suggest leaching potential of mercury from site soils is negligible.  
As a result, development of groundwater leaching processes in WARMF was not overestimated.     

Table 4-1. Estimation of BBM Specific Partition Coefficients from Mercury Concentration in Shallow 
Groundwater Samples and in Subsurface Sediments 

Well Location Screening 
Interval (ft bgs) 

Shallow 
Groundwater 

Hg (ng/l) 

Average Sediment 
Hg for Screened 
Interval (mg/kg) 

Partition 
Coefficient, Kd

(L/kg) 

MW2 Garoutte Downstream of BBM 5 to 15 1.7 0.5 3.2E+05 

MW3 Dennis Creek above Garoutte 
confluence 10 to 15 2.4 2.1 8.4E+05 

MW4 Garoutte Creek between Dennis and 
Furnace Creeks 5 to 15 1.1 0.2 1.6E+05 

MW5 Garoutte Creek between Dennis and 
Furnace Creeks 5 to 15 2.1 1.1 5.1E+05 

MW6 Dennis Creek tailings area 5 to 10 1.1 2.7 2.4E+06 

MW7 Downstream of tailings area 5 to 15 3.4 2.6 7.6E+05 

MW8 Garoutte Creek below Furnace Creek 
confluence 20.7 n/a n/a 

MW12 Garoutte Creek above Furnace Creek 
confluence 2.5 n/a n/a 

MW13 Background 5 to 15 1.2 0.1 7.4E+04 
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4.1.3 Erosion of Watershed Soils 
During a rainfall event, mercury can be mobilized from surface soils to receiving waterbodies by 
rainfall or overland flow driven erosion. Figure 4-2 shows evaluated soil mercury concentrations in 
the surface soils at well locations throughout OU1, including BBM tailings areas (sampled at MW10 
and MW11) relative to background levels, measured at 0.9 mg/kg at MW13.  Furthermore, ODEQ 
measures mercury soil concentrations at 0.1 mg/kg for the South Willamette Valley (ODEQ, 2013). 
Given these values for soil mercury concentrations in and near the BBM site, there is significant 
potential for mercury mobilization to downstream receiving waterbodies via watershed soil erosion. 
Moreover, historical soil mercury data suggests even higher concentrations may exist in soils near the 
Old Ore Furnace ranging from 1,120 to 2,090 mg/kg and near the New Furnace Area ranging from 41 
to 727 mg/kg (Curtis, 2004). These results will be confirmed with additional soil sampling planned 
within the same general area of these previous sample locations to verify these hot spot 
concentrations.   

Figure 4-2.  Mercury Concentrations in Surficial Soils at BBM Remedial Investigation 
Monitoring Well Locations  

Soils characteristics for the OU1 study area and upper Garoutte Creek watershed were obtained from 
the SSURGO database, maintained by the National Resource Conservation Service 
(http://datagateway.nrcs.usda.gov/). Generally, soils in the OU1 study area and upper Garoutte Creek 
watershed are comprised of a mix of silty clay loams on moderate slopes with rockier loams toward 
the watershed boundaries where slopes are steepest. These soils have a high fraction of fine particles 
making them more erodible, especially when exposed. Suspended sediment concentrations from the 
March 6, 2013 storm event showed significant increases in TSS from baseflow levels, which could be 
the result of watershed erosion as shown in Figures 4-3a, 4.-3b, 4-3c, and 4-3d. 
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Figures 4-3a, b, c, and d.  TSS Levels Recorded in OU1 Stream Stations over March 2013 Storm Event 

a

b

c

d
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WARMF simulates the erosion of soils from the upstream watershed as a function of land use type and 
the soil erosivity parameter. The soil erosivity for each sub-catchment was determined by averaging 
the SSURGO data for the different soil series. Soil erosion parameters related to land use types include 
rainfall detachment, flow detachment, and cropping factors. Higher values for these parameters 
indicate a greater potential for soil particle detachment from the land surface.  

4.1.4 Resuspension of Channel Bottom Sediment  
Concentrations of mercury in Furnace Creek channel bottom sediments were two orders of magnitude 
greater than background levels. This is likely due to the presence of mine tailings within the creek bed. 
This source of mercury could be mobilized to downstream receiving waterbodies by stream bed 
and/or bank scour. WARMF simulates sediment resuspension processes as a function of channel shear 
stresses and particle settling rates. The critical velocity for particle detachment is simulated for stream 
beds as a function of the depth of flow and particle diameter; 

𝑉𝑐𝑟 =  �2.5 ∗  0.65𝑔𝑑0.8 ∗ 𝐷0.2 

This critical velocity is used in the simulation of particle scour from the wetted area (A) of streambeds 
with additional calibration parameters including the detachment coefficient (K) and exponent (b), and 
streambanks as the cube of velocity in the channel with two calibration parameters representing 
coefficients to weight scour for vegetative cover and bank stability (Kv and Kb); 

𝑆𝑏𝑒𝑑 = 𝐾𝐴𝑤 ∗ (𝑉𝑎𝑣𝑒 − 𝑉𝑐𝑟)𝑏 

𝑆𝑏𝑎𝑛𝑘 = (𝐾𝑣 + 𝐾𝐵) ∗ 𝑉𝑎𝑣𝑒
3 

The coefficients and exponents in these functions will be adjusted to simulate increased bed and bank 
scour in Furnace Creek for calibration and running land use change scenarios under future model 
simulations. 

4.2 Preliminary Results 
Preliminary model results for water quality, specific to mercury, are shown for the Upper Garoutte 
Creek catchment area in Figure 4-4 for the March 2013 storm event monitoring and August 2013 
sampling event. The drainage area to the Upper Garoutte Creek site does not contain any BBM tailings 
and therefore mercury sources and pathways were constrained to atmospheric deposition and 
subsequent groundwater leaching or washoff in particulate form. The fit for the March 2013 storm 
event is very good and the fit with the August summer dry season is reasonable; however additional 
measured data from upcoming surface monitoring events may require an adjustment to the 
parameter set to obtain a good fit over several storms and dry periods. 
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Figure 4-4.  Modeled Mercury Concentrations vs. Measured at GU1 Station 

Notably, the WARMF model estimated mercury concentration of over 100 ng/l at the runoff peaks 
from the very large rainfall events that occurred in December 2012. Water quality data was not 
collected in December 2012, therefore the estimate obtained by extrapolating concentration data from 
the March storm event results in a far lower concentration and associated annual load. It’s possible 
that larger rain events increase mobilization of mercury, and that the WARMF model results are 
appropriate. Accordingly, collection of water quality samples from a comparably sized rainfall 
event(s) to the events that occurred in December 2012 is needed to adjust the model for such 
hydrologic conditions.  This storm event sampling is scoped for the 2013-2014 wet season. 

Table 4-2. Comparison of Modeled and Measured Total Mercury Load from the Upper Garoutte 
Creek Sub-watershed 

Scenario 
Average 

Concentration (ng/l) Range of Hg (ng/l) 
Estimated Annual 

Hg Load (kg/yr) 

Modeled using WARMF 10.4 3 to 126 0.6 

Measured with Load Estimate by Extrapolation 
of Measured Concentrations (n=7) 

9.5 5 to 15 0.2 
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The next phase of the model development will used additional data to improve the fit for the Upper 
Garoutte watershed and to simulate the impact of the BBM tailings at other stations, including Furnace 
Creek (F1), Dennis Creek (D1), and Downstream Garoutte Creek (GD1). The modeled hydrologic 
response, presented in Section 3, showed that almost all runoff from the subcatchments involved 
subsurface flow, i.e. rising of shallow groundwater above creek bottoms, leaving very little 
opportunity to simulate overland flow and associated watershed soil erosion. In the next model 
update, the soil hydrology parameters will be modified to facilitate simulation of overland flow and 
related particle detachment from the subcatchments.   
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Section 5  
Black Butte Mine Model Updates and Future 
Scenarios 
The WARMF model currently has been calibrated to approximately one year of hydrologic data and 
simulation data was fitted to water quality data from one storm event in March 2013 and a summer 
dry season sampling event in August 2013. As more data becomes available, the model will be further 
calibrated to ensure that the model best represents the hydrologic and mercury fate and transport 
processes in the Garoutte Creek watershed and within the OU1 Study Area. Next steps include the 
following: 

 Hydrologic calibration for an extended period of record;

 Simulate mercury concentrations at Furnace Creek (F1), Dennis Creek (D1), and Downstream
Garoutte Creek (GD1);

 Adjustment of soil hydrology parameters to facilitate more overland flow;

 Adding segment specific channel geometry data for smaller creeks in the tailings area where
resuspension of mercury enriched sediments is a potential pathway;

 Adjustment of water quality parameters for fitting to multiple storms and dry weather
conditions;

 Provide output water quality for mercury in both dissolved and particulate fractions;

 Re-evaluation of wet deposition input data from rainwater samples collected during future wet
weather monitoring events.
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Attachment A  
Subcatchment Land Covers 
Catchment Land Coverage (acres, subcatchment area percent) 

Barren Deciduous Developed, Evergreen Grasslands/Herbaceous Mixed Shrub/Scrub Grand Total 

100 2.58 
1.30% 

164.93 
83.49% 

2.84 
1.44% 

5.31 
2.69% 

21.87 
11.07% 

197.53 
100.00% 

200 3.31 
48.52% 

0.28 
4.05% 

3.24 
47.43% 

6.83 
100.00% 

201 1.60 
26.72% 

0.21 
3.52% 

4.17 
69.76% 

5.98 
100.00% 

202 31.69 
76.30% 

0.98 
2.37% 

8.86 
21.34% 

41.53 
100.00% 

203 0.24 
0.63% 

11.85 
31.36% 

0.95 
2.50% 

2.20 
5.82% 

22.56 
59.69% 

37.79 
100.00% 

204 5.74 
98.85% 

0.07 
1.15% 

5.81 
100.00% 

300 1.41 
0.27% 

318.62 
60.26% 

72.33 
13.68% 

1.02 
0.19% 

135.37 
25.60% 

528.75 
100.00% 

301 4.39 
0.53% 

302.71 
36.85% 

53.02 
6.45% 

0.12 
0.01% 

461.27 
56.15% 

821.51 
100.00% 

302 755.61 
92.76% 

0.97 
0.12% 

58.03 
7.12% 

814.62 
100.00% 

303 163.62 
90.70% 

1.02 
0.56% 

15.76 
8.74% 

180.40 
100.00% 

304 322.36 
59.87% 

9.05 
1.68% 

0.91 
0.17% 

206.07 
38.28% 

538.39 
100.00% 

305 1.19 
0.21% 

213.21 
38.09% 

24.78 
4.43% 

320.51 
57.27% 

559.69 
100.00% 

306 1.89 
0.16% 

477.81 
40.29% 

118.99 
10.03% 

587.15 
49.51% 

1185.85 
100.00% 

307 2.92 
0.23% 

5.08 
0.40% 

833.29 
65.39% 

39.08 
3.07% 

394.00 
30.92% 

1274.38 
100.00% 

308 352.50 
70.24% 

1.63 
0.32% 

1.53 
0.31% 

146.19 
29.13% 

501.86 
100.00% 

309 94.11 
27.31% 

72.28 
20.97% 

0.84 
0.24% 

177.40 
51.47% 

344.64 
100.00% 

310 365.59 
56.28% 

32.84 
5.05% 

251.21 
38.67% 

649.64 
100.00% 

311 338.61 
85.94% 

55.40 
14.06% 

394.01 
100.00% 

312 165.32 
55.13% 

0.04 
0.01% 

134.52 
44.86% 

299.88 
100.00% 

313 0.93 
0.24% 

242.95 
61.74% 

46.04 
11.70% 

2.08 
0.53% 

101.53 
25.80% 

393.52 
100.00% 

314 48.42 
35.99% 

7.87 
5.85% 

78.26 
58.17% 

134.54 
100.00% 

315 315.76 
49.12% 

6.74 
1.05% 

0.82 
0.13% 

319.51 
49.70% 

642.83 
100.00% 

316 0.96 
0.13% 

324.32 
44.61% 

88.71 
12.20% 

313.04 
43.06% 

727.02 
100.00% 

317 103.58 
69.07% 

1.00 
0.66% 

1.26 
0.84% 

44.12 
29.42% 

149.96 
100.00% 

318 18.36 
77.03% 

5.48 
22.97% 

23.83 
100.00% 

319 9.35 
60.36% 

6.14 
39.64% 

15.49 
100.00% 

320 40.31 
49.87% 

1.17 
1.45% 

1.72 
2.13% 

37.62 
46.55% 

80.83 
100.00% 
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Figure B-1. Soil Thickness Sensitivity Runs 

Figure B-2. Field Capacity Sensitivity Runs 
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Figure B-3. Saturated Moisture Sensitivity Runs 

 
 

Figure B-4.  Horizontal Hydraulic Conductivity Sensitivity Runs 
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Figure B-5.  Vertical Hydraulic Conductivity Sensitivity Runs 

Figure B-6.  Surface Roughness Sensitivity Runs 
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Figure B-7.  Channel Roughness Sensitivity Runs 

Figure B-8. Precipitation Sensitivity Runs 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4
Fl

ow
 (c

m
s)

 

Date 

Calibrated Parameter Model

Channel (Manning's N) - Upper Range

Channel (Manning's N) - Lower Range

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

Fl
ow

 (c
m

s)
 

Date 

Calibrated Parameter Model
Precipitation - Upper Range
Precipitation - Lower Range

B-5 
BBM WARMF Model Hydrology Tech Memo Rev 5_sew.docx 



 

Appendix F  
Draft Problem Formulation for OU1 Baseline Risk 
Assessment 

 

 





 

Table of Contents  

Section 1 Introduction ....................................................................................................................................... 1-1 

Section 2 Site Description and History ........................................................................................................ 2-1 
2.1 Summary of Historical Data ................................................................................................................................... 2-2 

2.1.1 Native Soil .......................................................................................................................................................... 2-2 
2.1.2 Waste Rock/Tailings ..................................................................................................................................... 2-2 

2.1.2.1 Main Tailings Pile ............................................................................................................................ 2-2 
2.1.2.2 Furnace Creek Tailings Area ....................................................................................................... 2-3 

2.1.3 Groundwater .................................................................................................................................................... 2-3 
2.1.4 Surface Water ................................................................................................................................................... 2-3 
2.1.5 Sediment ............................................................................................................................................................. 2-3 
2.1.6 Fate and Transport ........................................................................................................................................ 2-4 

Section 3 Stressor Identification .................................................................................................................... 3-1 
3.1 Identification of Chemicals of Potential Concern ......................................................................................... 3-1 
3.2 Identification of Exposure Pathways ................................................................................................................. 3-2 

Section 4 Identification of Representative Ecological Receptors ........................................................ 4-1 
4.1 Description of Habitats and Communities ....................................................................................................... 4-1 
4.2 Ecological Communities ........................................................................................................................................... 4-1 

4.2.1 Aquatic ................................................................................................................................................................ 4-3 
4.2.2 Terrestrial and Riparian .............................................................................................................................. 4-4 

4.3 Special-Status Species ............................................................................................................................................... 4-4 
4.3.1 Federal Endangered and Threatened Species ................................................................................... 4-4 
4.3.2 Species of Concern ......................................................................................................................................... 4-7 

4.4 Representative Receptors ....................................................................................................................................... 4-7 

Section 5 Identification of Endpoints and Risk Questions/Hypotheses ............................................ 5-1 
5.1 Assessment Endpoints ............................................................................................................................................. 5-1 

5.1.1 Surface Water and Sediment Based Assessment Endpoints ....................................................... 5-1 
5.1.2 Soil-based Assessment Endpoints .......................................................................................................... 5-2 

5.2 Measurement Endpoints ......................................................................................................................................... 5-2 
5.3 Risk Questions/Hypotheses ................................................................................................................................... 5-4 

5.3.1 Aquatic Invertebrates ................................................................................................................................... 5-4 
5.3.2 Larval Amphibians ......................................................................................................................................... 5-5 
5.3.3 Fish ........................................................................................................................................................................ 5-5 
5.3.4 Birds ..................................................................................................................................................................... 5-6 
5.3.5 Mammals ............................................................................................................................................................ 5-7 
5.3.6 Terrestrial Plants ............................................................................................................................................ 5-7 
5.3.7 Terrestrial Invertebrates ............................................................................................................................ 5-7 
5.3.8 Adult Amphibians and Reptiles (Qualitative Evaluation) ............................................................ 5-8 

5.4 Development of the Conceptual Site Model .................................................................................................... 5-8 

Section 6 Risk Characterization ..................................................................................................................... 6-1 
6.1 Risks Based on Direct Exposure ........................................................................................................................... 6-1 
6.2 Risks to Upper Trophic Level Receptors .......................................................................................................... 6-1 
6.3 Other Supporting Data ............................................................................................................................................. 6-2 

  i 
Appendix F - Draft Problem Formulation BBM.docx 



•  Table of Contents 
 

6.4 Uncertainty Analysis ................................................................................................................................................. 6-2 

Section 7 Proposed Data Collection Efforts ................................................................................................. 7-1 

Section 8 References ........................................................................................................................................... 8-1 
 

List of Figures 

Figure F-1 Black Butte Mine Sampling Location Map 
Figure F-2 Conceptual Site Model for Human and Ecological Exposures 
Figure F-3 Furnace Creek Hydrograph 

List of Tables 

Table 1 Wildlife and Plants Found at the Black Butte Mine Site and Vicinity 
Table 2 Federally Listed, Candidate Species, and Species of Concern and Potential to Occur 
Table 3 Relationship Between Endpoints and Risk Questions for the Black Butte Mine OU1 BERA 
 

  

ii 
Appendix F - Draft Problem Formulation BBM.docx 



•  Table of Contents 
 

Acronyms 

BERA  Baseline Ecological Risk Assessment 

BMI  benthic macroinvertebrates 

cfs  cubic feet per second 

CFW  Coast Fork of the Willamette 

CGR  Cottage Grove Reservoir 

COPECs  chemicals of potential ecological concern 

CSM  conceptual site model 

DSR  Data Summary Report 

dw  dry weight 

Eco-SSLs Ecological Soil Screening Levels 

ERA  Ecological Risk Assessment 

ESLs  ecological screening levels 

HQ  hazard quotient 

LOAELs  Lowest Observed Adverse Effect Levels 

mg/kg-d milligrams per kilogram body weight per day 

NMFS  National Marine Fisheries Service 

NOAA  National Oceanic and Atmospheric Administration 

NOEALs No Observed Adverse Effect Levels 

NRWQC national recommended water quality criteria 

OU  Operable Unit 

PEL  probable effects level 

RA  removal action 

SLERA  Screening Level ERA 

SQuiRT  Screening Quick Reference Tables 

SSE  selective sequential extraction 

TECs  Threshold Effects Concentrations 

TEL  threshold effects level 

the site  the BBM Superfund Site 

TRVs  toxicity reference values 

USEPA  U.S. Environmental Protection Agency 

USFWS  U.S. Fish and Wildlife Service  

  iii 
Appendix F - Draft Problem Formulation BBM.docx 





 

Section 1 
Introduction 
This Baseline Ecological Risk Assessment (BERA) Problem Formulation was prepared for the Black 
Butte Mine Superfund Site Operable Unit 1 (OU1) in accordance with the Ecological Risk Assessment 
Guidance for Superfund: Process for Designing and Conducting Ecological Risk Assessment (USEPA 
1997). A primary purpose of the Problem Formulation is to define the questions that will be addressed 
in the BERA and outline the process required to answer these questions.  

Support for the development of this problem formulation was taken from an Optimization Review 
report written by EPA (2012). The reader is referred to this report for details on analyses of historical 
data for OU1 and for estimates of local background concentrations in soils, sediments and water. 

A problem formulation identifies factors to be addressed in the BERA and consists of the following 
steps: 

 Description of the site and relevant site history; 

 Chemical screening resulting in the preliminary identification of chemicals of potential 
ecological concern (COPECs); 

 Evaluation of environmental fate and transport of COPECs; 

 Identification of key exposure pathways; 

 Identification of ecological receptors potentially at risk; 

 Development of a conceptual site model (CSM); 

 Selection of assessment endpoints; 

 Articulation of risk questions and/or testable hypotheses; 

 Identification of measurement endpoints; and, 

 Development of a plan for analyzing risk and evaluating uncertainty. 

Through this process, the problem formulation supports development of the sampling design and 
defines how the information collected during the site investigation will be used to characterize 
exposures, ecological effects, and ecological risks, including associated uncertainties (USEPA 2004). 

A preliminary identification of COPECs, ecological receptors, and exposure pathways was conducted 
during the Optimization Review based on historical data collected for the site (USEPA 2012). A 
preliminary screening of concentrations of mercury and other inorganic constituents found in soil, 
tailings, sediment, surface water, and groundwater is documented in the Optimization Review and 
provides a basis for this Problem Formulation and subsequent BERA. The Optimization Review fulfills 
several of the primary objectives of a Screening Level ERA (SLERA), including chemical screening and 
preliminary identification of exposure media, exposure pathways and COPECs. Completion of an 
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independent SLERA is therefore not warranted, and the ERA process continues directly from the 
Optimization Review to the BERA Problem Formulation, presented herein. 
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Section 2 
Site Description and History 
The BBM Superfund Site (the site) is located in Lane County, Oregon, approximately 35 miles 
southeast of Eugene and approximately 10 miles upstream from the Cottage Grove Reservoir (CGR). 
Principal site features include collapsed and open mine adits, the Main Tailings Pile located adjacent to 
Dennis Creek, the Old Ore Furnace Area, the New Furnace Area, and the Furnace Creek Tailings Area. 
The mine area is drained by Dennis Creek, Garoutte Creek, and Furnace Creek, which border the north, 
west, and south sides of the site. Both Dennis Creek and Furnace Creek are tributaries to Garoutte 
Creek which, after joining Big River to form the Coast Fork of the Willamette (CFW) River, flows to the 
CGR approximately 10 miles downstream (USEPA 2012). 

Based on existing data from previous and current investigations at the site (summarized below), 
COPECs and transport processes have been identified sufficiently  to preliminarily define the 
geographic boundaries of the site. For the purposes of this BERA Problem Formulation, the following 
Operable Unit (OU) definitions are proposed for the site, with the recognition that the results of the 
OU1 BERA might warrant revisions to current definitions of OU2 and OU3: 

OU1: all mine wastes (tailings and waste rock) and contaminated soils that are comingled with mine 
wastes, groundwater, surface water, sediment, and biota within the geographic boundary shown in 
Figure F-1. This BERA is focused on OU1, but describes or refers to some components of OU2 and OU3 
to the extent necessary for full and appropriate evaluation of OU1.

 

Figure F-1. Black Butte Mine Sampling Location Map 
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OU2: surface water, sediment, and biota associated with Garoutte Creek downstream of the OU1 
boundary to where it meets the Coast Fork Willamette River. OU2 also includes surface water, 
sediment, and biota associated with the Coast Fork Willamette River from its confluence with Garoutte 
Creek downstream to the CGR.  

OU3: surface water and sediment in the CGR.  

2.1 Summary of Historical Data 
Existing data sources include previous characterization of native soil, waste rock/tailings, 
groundwater, surface water, and sediments. These data are summarized below by medium, with the 
exception of data on surface water and sediment in the CGR (OU3), which is only briefly discussed 
with respect to fate and transport from OU2. The information provided in this summary of historical 
data was obtained from the Optimization Review (EPA 2012). 

Additional data are being collected for EPA’s Remedial Investigation, which began in late 2012. These 
new data are summarized in the BBM Data Summary Report (DSR) (CDM Smith 2014) to which this 
Problem Formulation is attached. Background for inorganic constituents in soil, groundwater, surface 
water, and sediment will be revisited for the BERA using recent data reported in the DSR.   

2.1.1 Native Soil 
Mercury concentrations in native soil have been characterized on hillsides in the general vicinity of 
the site (Curtis 2004) and on site at the New Furnace Area (Ecology and Environment 1998). Soil 
samples collected from the New Furnace Area had elevated concentrations of mercury, arsenic and 
other metals, including chromium, copper, nickel, and vanadium relative to background (Ecology and 
Environment 1998). Based on these data, a removal action (RA) was implemented. During the RA, 
soils from the New Furnace Area were excavated, consolidated, and placed in an on-site capped 
repository (EPA 2008). 

2.1.2 Waste Rock/Tailings  
Waste rock/tailings at the site are classified into two groups: wastes produced from the older furnaces 
(referred to collectively as the Old Furnace), which operated prior to introduction of the New Furnace 
in 1927; and wastes during New Furnace operations. New Furnace tailings were derived from ore 
processed in a rotary kim furnace that extracted a greater fraction of mercury compared to the Old 
Furnace. As a result, New Furnace tailings contain lower levels of mercury and lower levels of  
leachable forms of mercury (Ecology and Environment 2006). Summary statistics for wastes and other 
media are provided in the DSR to which this report is attached.  New Furnace tailings were disposed in 
the Main Tailings Pile. Old Furnace tailings were disposed in and along Furnace Creek, referred to as 
the Furnace Creek Tailings Area.  

2.1.2.1 Main Tailings Pile 
Previous investigation of the Main Tailings Pile indicate mercury in the tailings generally exists as 
relatively insoluble elemental mercury and mercuric sulfide species (Ecology and Environment 2006) 
and, thus, exhibits a low potential for leaching. Samples were analyzed for selected trace inorganic 
constituents (Ecology and Environment 1998). All samples exceeded the Region 9 PRG screening 
value for arsenic in residential soil (0.39 mg/kg); subsequent field-based XRF analysis confirmed 
elevated arsenic concentrations compared to background. Note: since that report, the screening value 
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for arsenic in residential soils has been updated to 0.61 mg/kg (EPA 2013).  In subsequent analyses, 
regional screening levels from this source will be used instead of the now obsolete Region 9 PRGs. 

2.1.2.2 Furnace Creek Tailings Area 
Previous investigation of the Furnace Creek Tailings Area found that the tailings may act as a source of 
mercury to groundwater and surface water. Two Old Furnace Area tailings samples were analyzed for 
methylmercury; both exceeded the Oregon DEQ Level II screening level for protection of terrestrial 
plants (0.0002 mg/kg) with the maximum concentration exceeding by a factor of 6 (Ecology and 
Environment 2006). Results of selective sequential extraction (SSE) analysis indicate that the mercury 
species present in this area have a higher solubility than in the Main Tailings Pile and an increased 
potential to form methylmercury (Ecology and Environment 2006). Samples analyzed for arsenic 
showed elevated concentrations (47 to 131 mg/kg) (Ecology and Environment 2006). To date, these 
tailings have not been analyzed for metals other than mercury and arsenic. 

2.1.3 Groundwater 
Previous investigations of groundwater have limited utility with respect to mercury concentrations 
due to elevated detection limits. Other inorganic constituents found to be elevated in groundwater 
include arsenic, chromium, copper, lead, nickel, and selenium relative to a background well (Ecology 
and Environment 1998).  

2.1.4 Surface Water 
Furnace Creek and Dennis Creek surface water samples (analyzed for total inorganic constituents) 
collected downstream from the site exhibited elevated levels of mercury compared to background 
measured in a sample collected upstream of inputs from BBM (Thoms 2008). Mercury concentrations 
in all downstream samples from Furnace Creek (current and historical) exceed the National Oceanic 
and Atmospheric Administration (NOAA) Screening Quick Reference Tables (SQuiRT) threshold 
effects level (TEL) and probable effects level (PEL) benchmark screening levels. Concentrations in 
samples collected from Dennis Creek and Garoutte Creek were less than the SQuiRT TEL (Ecology and 
Environment 2006). Samples from Dennis Creek and Garoutte Creek collected downstream from the 
site were also analyzed for inorganic constituents other than mercury (Ecology and Environment 
1998) and concentrations generally exceeded background. Analytical results for samples collected 
from Dennis Creek exceeded benchmark screening levels for antimony, chromium, copper, lead, and 
nickel. Samples collected from Garoutte Creek exceeded benchmark screening levels for lead and 
nickel and are similar in magnitude to concentrations detected in samples collected from Dennis 
Creek.  

2.1.5 Sediment 
Sediment samples collected from Furnace Creek and Dennis Creek downstream from the site as well 
as sediments in Garoutte Creek in the immediate vicinity of the site consistently exhibit elevated levels 
of mercury compared to background measured in a sample collected upstream of inputs from BBM 
(Thoms 2008). In general, concentrations in all three creeks exceed the NOAA SQuiRT TEL and PEL 
benchmark screening levels. Sediment screening levels for methylmercury are unavailable from most 
accepted sources, and comparing sediment data to soil ESLs is generally considered only marginally 
useful. However, comparisons of sediment methylmercury concentrations to available soil screening 
levels provides some context for methylmercury concentrations measured in sediment. For example, a 
Furnace Creek sediment sample collected downstream from the Old Furnace Area exhibited an 
elevated methylmercury concentration (0.0127 J mg/kg), which is two orders of magnitude higher 
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than the ODEQ Level II soil screening level for plants (0.0002 mg/kg) (Ecology and Environment 
2006). The methylmercury concentration for a Garoutte Creek sediment sample collected 
downstream from the confluence of Dennis Creek and Garoutte Creek was less than the ODEQ Level II 
soil screening level. 

SSE analysis results for the above noted Furnace Creek and Garoutte Creek sediment samples 
indicated that the majority of the mercury exists in relatively insoluble forms that are not readily 
methylated (converted to methylmercury) (Ecology and Environment 2006).  

Concentrations of inorganic constituents other than mercury in downstream sediment samples were 
found to be similar to background levels. Arsenic, chromium, copper, nickel, and zinc exceeded 
benchmark screening levels in both upstream and downstream samples (Ecology and Environment 
1998). 

Sediment sampling was conducted in 2013 by CDM Smith and EPA. Samples were collected along 100-
meter reaches of Garoutte, Dennis, and Furnace Creeks, with one reach located downstream of mine 
impacts and one reach located upstream of mine impacts. Sampling consisted of collection of 30 
discrete sediment samples from depositional areas throughout the stream reach. Discrete samples 
were then composited for analysis. 

2.1.6 Fate and Transport 
As described further below, mercury and other inorganic constituents are site-related COPECs. Metals 
are persistent in the environment and are not degraded by any biological or abiotic process. Based on 
the available information, relative proportions of dissolved and suspended load mercury transport 
from the site are not known; however, limited seasonal sampling from the CFW River upstream of the 
CGR suggests that suspended and dissolved mercury are roughly equal contributors to the total 
mercury load. Since mercury is a dynamic contaminant (can occur in different forms), relative 
proportions of dissolved and suspended mercury being released from the mine site may differ from 
what is measured downstream and may vary in response to high and low flow conditions. Dissolved 
and suspended mercury samples collected from the CGR indicate that, during low pool periods, 
suspended mercury concentration is higher than CFW River concentrations, suggesting that particle 
entrainment as exposed sediments are eroded during low pool conditions may be significant. The 
preliminary understanding of fate and transport suggests that  mercury associated with suspended 
load sediments under high flow conditions is transported from the BBM and deposited in CGR.  

This Problem Formulation is focused on ecological effects associated with site-related COPECs at OU1, 
including all mine wastes (tailings and waste rock) and contaminated soils that are comingled with 
mine wastes, groundwater, surface water, sediment, and biota within the geographic boundary shown 
in Figure D-1.
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Section 3 
Stressor Identification 
Ecological stressors are defined as physical, chemical, or biological entities or conditions that 
adversely affect or have potential to adversely affect ecological receptors directly or indirectly. Other 
stressors, including physical (e.g., water temperature, salinity, dissolved oxygen, erosion and 
sedimentation, habitat degradation, and pH) and biological (e.g., introduced species, recreational and 
commercial fishing, or disease) factors also have the potential to adversely affect aquatic and 
terrestrial organisms utilizing habitats in the vicinity of contaminated sites (USEPA 2004). 

Ecological risk assessment provides an evaluation of risks to ecological receptors in the study areas 
relative to the comparable risks to those receptors in reference areas such that incremental risks 
posed by COPECs above risk posed by physical and biological stressors in the systems can be 
determined. Therefore, identification and selection of reference locations represents a key element of 
the overall ERA process. 

Previous investigations have included evaluation of COPECs in soils from locations representing local 
background concentrations. Locations representing local background have been selected for the 
surface water, groundwater, and sediment investigations currently being conducted. 

3.1 Identification of Chemicals of Potential Concern 
Identification of COPECs is based on screening that compares measured concentrations of hazardous 
and/or bioaccumulative constituents in abiotic and biological media to conservative federal and state 
numerical regulatory standards and criteria, calculated risk-based screening levels, or commonly 
accepted benchmarks approved by EPA for screening purposes. For the purpose of this BERA, all these 
types of effects-based standards, criteria, or benchmarks are at this stage of the ERA process termed 
ecological screening levels (ESLs). Based on historical investigations, COPECs have been identified as 
mercury and other trace inorganic constituents in soils, groundwater, surface water, sediments, and 
biota. Following is a list of preliminary COPECs: 

 Aluminum  

 Antimony  

 Arsenic 

 Barium 

 Beryllium  

 Cadmium  

 Calcium 

 Chromium  

 Cobalt  
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 Copper  

 Iron 

 Lead 

 Magnesium 

 Manganese  

 Mercury 

 Nickel  

 Potassium 

 Selenium  

 Silver  

 Sodium 

 Thallium  

 Vanadium 

 Zinc  

No organic chemicals have been identified as COPECs for the ERA. COPECs will be refined as necessary 
based on new data collected for the ongoing Remedial Investigation. 

3.2 Identification of Exposure Pathways 
A preliminary conceptual site model (CSM) was developed during the Optimization Review for the site 
(USEPA 2012). Based on the CSM (Figure D-2), the following exposure pathways are associated with 
OU1. 

Surface Water: 

 Direct contact with and ingestion of COPEC-contaminated surface water by aquatic organisms 
(complete and significant) 

 Ingestion of COPEC-contaminated aquatic prey (complete and significant) 

Sediment: 

 Direct contact with and ingestion of COPEC-contaminated sediment by aquatic organisms 
(complete and significant) 

 Ingestion of COPEC-contaminated aquatic prey (complete and significant) 
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Surface soils, tailings, and other terrestrial mine wastes: 

 Direct contact with and ingestion of COPEC-contaminated soils or mine wastes by terrestrial 
organisms (complete and significant) 

 Uptake of COPECs into plant tissues (complete and significant) 

 Ingestion of COPEC-contaminated plants and prey (complete and significant) 

 Ingestion of COPEC-contaminated  airborne dust (complete but insignificant) 

 Inhalation of COPEC-contaminated  airborne dust  (complete but insignificant) 
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Figure F-2. Conceptual Site Model for Human and Ecological Exposures
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Section 4 
Identification of Representative Ecological 
Receptors 

4.1 Description of Habitats and Communities 
Terrestrial and riparian habitats were characterized during field surveys using the Ecological Risk 
Checklist that CDM Smith has adapted from EPA for use on hazardous waste sites. Habitats and 
communities present within OU1 are described below. Plant species observed within OU1 are listed in 
Table 1. 

Upland: Upland vegetation in and around the site consists of mixed forest dominated by Douglas-fir 
(Pseudotsuga menziesii), Western red cedar (Thuja plicata), Western hemlock (Tsuga heterophylla), 
and bigleaf maple (Acer macrophyllum). Understory vegetation within forested areas consists of vine 
maple (Acer circinatum), Oregon grape (Mahonia aquifolium), and thimbleberry (Rubus parviflorus), 
with Himalayan blackberry (Rubus armeniacus) dominating forest edges and open, disturbed areas. 
There are also large upland areas disturbed by mining activities that are dominated by stands of 
invasive Scotch broom (Cytisus scoparius).  

Riparian: Riparian vegetation in and around the site is dominated by deciduous trees and shrubs 
including bigleaf maple, red alder (Alnus rubra), and vine maple. Sword fern (Polystichum munitum) 
and thimbleberry are common understory riparian species, with Himalayan blackberry dominant 
along much of the riparian habitat. Reed canarygrass (Phalarius arundinacea) is present along some of 
the wider reaches of Garoutte Creek.  

Aquatic: Aquatic habitats of interest in this ERA include the portions of Furnace, Dennis, and Garoutte 
Creeks within the boundaries of OU1 (Figure D-1). Both Dennis Creek and Furnace Creek flow west-
northwest to Garoutte Creek, which flows northward approximately six miles to the Coast Fork of the 
Willamette River.  

Furnace Creek is a narrow, steeply sloped and incised drainage. Downstream portions, where Old 
Furnace tailings are deposited, only experience discharge seasonally during the wet season from late 
November through mid-May. Figure F-3 shows Furnace creek discharge recorded from late 
November 2012 through early November 2013 at the continuous monitoring station located near the 
confluence with Garoutte Creek. The hydrograph record shows furnace creek was dry and not 
discharging surface water to Garoutte creek from May 6, 2013 through the last download event on 
November 11, 2013. This initial year of monitoring, indicates the lower portion of the creek 
experiences 6 months of dry conditions. Further long-term monitoring will determine how typical the 
period of dry conditions (no discharge) is for the lower portion of Furnace.  
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Figure F-3. Furnace Creek Hydrograph 
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The substrate in Furnace Creek consists primarily of fine-grained sediment and tailings in the mid to 
lower reach segments downstream to the mouth. Due to its steep slope and intermittent nature, 
Furnace Creek does not support habitat for fish, but may support larval amphibians in upstream 
reaches where flow is perennial. 

Dennis Creek is a perennial stream with a dominate substrate consisting of cobble and gravel. Bank-
full width is approximately 11 feet and average depth is 4 inches. In May 2013, flow in the 
downstream portion of Dennis Creek near its confluence with Garoutte Creek was approximately 3 
cubic feet per second (cfs). 

Garoutte Creek is a larger stream that consists of cobbles, gravel, and sand. Bank-full width is 
approximately 40 feet and average depth is 1 foot. In May 2013, flow in lower Garoutte Creek was 
approximately 17 cubic feet per second (cfs). Both Dennis Creek and Garoutte Creek support habitat 
for fish, as described below. 

4.2 Ecological Communities 
Ecological communities associated with habitats present at the Black Butte Mine site are described 
below. Species that have been observed within OU1 during field surveys are listed in Table 1. 

Table 1. Wildlife and Plants Found at the Black Butte Mine Site and Vicinity, Lane County, Oregon 

Common Name Scientific Name Observed? Notes 
Birds       
American crow Corvus brachyrhynchos Yes   
American robin Turdus migratorius Yes   
Black-capped chickadee Poecile atricapilla Yes   
Black-headed grosbeak Pheucticus melanocephalus Yes   
Bushtit Psaltriparus minimus Yes   
Cedar waxwing Bombycilla cedrorum Yes   
Common raven Corvus corax Yes   
Downy woodpecker Picoides pubescens Yes   
Flycatcher (species unknown) Empidonax sp.  Yes   
Norther flicker Colaptes auratus Yes   
Northern Spotted Owl Strix occidentalis caurina  No Likely to occur 
Orange-crowned warbler Vermivora celata Yes   
Osprey Pandion haliaetus fly over   
Pileated woodpecker Dryocopus pileatus Yes   
Purple finch Carpodacus purpureus Yes   
Red-breasted nuthatch Sitta canadensis Yes   
Red-tailed hawk Buteo jamaicensis Yes   
Song sparrow Melospiza melodia Yes   
Spotted towhee Pipilo maculatus Yes   
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Steller's jay Cyanocitta stelleri Yes   
Tree swallow Tachycineta bicolor Yes   
Turkey vulture Cathartes aura Yes   
Vaux's swift Chaetura vauxi Yes   
Wilson's warbler Wilsonia pusilla Yes   
Wrentit Chamaea fasciata Yes   
Mammals       
American black bear Ursus americanus sign   
Beaver Castor canadensis sign   

Bobcat Lynx rufus No 
likely to occur in 
low numbers 

Brush rabbit Sylvilagus bachmani Yes   
Coyote Canis latrans sign   
Douglas squirrel Tamiasciurus douglasii Yes   

Mountain lion Felis concolor No 
likely to occur in 
low numbers 

Mule (black-tailed) deer Odocoileus hemionus Yes   
River otter Lontra canadensis Yes   
Western gray squirrel Sciurus griseus Yes   
Fish       

Cutthroat trout Oncorhynchus clarki Yes   
Rainbow trout Oncorhynchus mykiss No likely to occur  
Sculpin Cottus sp. No likely to occur 
Dace Rhinichthys sp. No likely to occur  
Reptiles and Amphibians       
Common garter snake Thamnophis sirtalis Yes   
Pacific giant salamander Dicamptodon ensatus No likely to occur 
Pacific chorus (tree) frog Pseudacris regilla No likely to occur 
Rough-skinned newt Taricha granulosa Yes   
Western fence lizard Sceloporus occidentalis Yes   
Invertebrates       
Benthic invertebrates Multiple Taxa Yes   
Crayfish Cambarus sp. sign   
Freshwater mussels Unknown sign   
Terrestrial insects and spiders Multiple Taxa Yes   
Wasps, bees, and hornets Multiple Taxa Yes   
Water beetles Multiple Taxa Yes   
Water striders (skimmers) Family Gerridae Yes   
Trees       
Bigleaf maple Acer macrophyllum Yes   
Chokecherry Prunus virginiana Yes   
Douglas-fir Pseudotsuga menziesii Yes   
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Red alder Alnus rubra Yes   
Vine maple Acer circinatum Yes   
Western hemlock Tsuga heterophylla Yes   
Western redcedar Thuja plicata Yes   
Shrubs and Vines       
Himalayan blackberry Rubus armeniacus Yes   
Maidenhair fern Adiantum pedatum Yes   
Oregon grape Mahonia aquifolium  Yes   
Salal Gaultheria shallon  Yes   
Scotch broom Cytisus scoparius Yes   
Thimbleberry Rubus parviflorus  Yes   
Western sword fern Polystichum munitum  Yes   
Herbaceous Plants       
Palmate coltsfoot Petasites palmatus Yes   
Reed canarygrass Phalarius arundinacea Yes   
Sweet pea Lathyrus odoratus Yes   

 

4.2.1 Aquatic  
Major categories of aquatic receptors at the Black Butte Mine site include benthic macroinvertebrates 
(BMI), water column invertebrates, amphibians, fish, piscivorous birds, piscivorous mammals, 
invertivorous birds, and invertivorous mammals. Representative aquatic species observed or known 
to occur in the watershed include rough-skinned newt (Taricha granulosa), great-blue heron (Ardea 
herodias), flycatchers (Empidonax sp.), river otter (Lontra canadensis) and beaver (Castor canadensis). 
Cutthroat trout (Oncorhynchus clarikii) occur in Dennis Creek and both cutthroat and rainbow trout 
(Oncorhynchus mykiss) occur in Garoutte Creek. 

Important metrics related to fish as receptors include field data such as number of fish observed (by 
reach), number of fish taxa (for a given reach), and ancillary information such as number of salmon 
redds per specific stream reach. Other important data related to fish as receptors include water 
quality, especially dissolved inorganic constituents concentrations in surface water. Metrics such as 
these will be used to help characterize current conditions with respect to suitability to support fish 
survival, growth, and reproduction.  

Similarly, BMI serve as important aquatic receptors that are closely linked to sediments, from both a 
sediment chemistry and physical habitat viewpoint. Water quality also affects BMI and therefore these 
receptors can be used to assess physical habitat suitability, sediment quality, and surface water 
quality. In higher energy reaches of the streams (i.e., riffles) it is expected that dominant BMI types 
would include EPT taxa (Ephemeroptera=mayflies; Plecoptera=stoneflies; Trichoptera=caddisflies). 
EPT taxa are generally considered sensitive to organic pollution and in some cases can be sensitive to 
some inorganic constituents as well. In slower, lower energy reaches of these streams it is expected 
that EPT taxa will still be dominant, but of different species, with probably smaller numbers of non-
EPT taxa (e.g., dipterans or flies, and possibly worms and snails) comprising the BMI community. As 
for fish, BMI metrics related to abundance and diversity will be important metrics for characterizing 
aquatic habitats as suitable or impaired. Because BMI (1) are generally non-mobile or have limited 
mobility, (2) life cycles generally span one to two years, (3) integrate physical, chemical, and biological 
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variability over a long time period, and (4) are intimately exposed to both sediment and surface water, 
they are excellent indicators of water and sediment quality.  

4.2.2 Terrestrial and Riparian  
Common wildlife that occur within OU1 include several species of mammals such as western gray 
squirrel (Sciurus griseus), black-tailed deer (Odocoileus hemionus columbianus), and black bear (Ursus 
americanus). Common bird species include red-tailed hawk (Buteo jamaicensis), common raven 
(Corvus corax), Steller’s jay (Cyanocitta stelleri), Northern flicker (Colaptes auratus), wrentit (Chamaea 
fasciata), black-capped chickadee (Poecile atricapillus), American robin (Turdis migratorius), orange-
crowned warbler (Oreothlypis celata), and song sparrow (Melospiza melodia). Terrestrial 
invertebrates include a diverse array of insects, spiders, and soil-dwelling organisms including 
earthworms.  

Terrestrial and riparian habitats in OU1 are similar in that they are both primarily forested, with the 
exception of areas that were cleared for roads and/or are currently covered with invasive Scotch 
broom. The species listed above occur in both terrestrial and riparian habitats.  

4.3 Special-Status Species 
4.3.1 Federal Endangered and Threatened Species  
There are 16 federally threatened or endangered species with the potential to occur in Lane County 
(U.S. Fish and Wildlife Service [USFWS] 2013). Of these, seven are marine species or associated with 
coastal habitats not found close to the site. The remaining nine species include the Northern spotted 
owl (Strix occidentalis caurina), streaked horned lark (Eremophila alpestris strigata), Oregon chub 
(Oregonichthys crameri), bull trout (Salvelinus confluentus), Fender’s blue butterfly (Icaricia icarioides 
fenderi), Oregon silverspot butterfly (Speyeria zerene hippolyta), and three plants: Willamette daisy 
(Erigeron decumbens var. decumbens), Bradshaw’s desert parsley (Lomatium bradshawii), and 
Kincaid's lupine (Lupinus sulphureus ssp. kincaidii). In addition, the Oregon spotted frog (Rana 
pretiosa) is proposed for listing, and the red tree vole (Arborimus longicaudus) and whitebark pine 
(Pinus albicaulis) are candidates for listing.  

Two fish species that occur in the Coast Fork Willamette River, spring Chinook salmon (Oncorhynchus 
tshawytscha) and winter steelhead (Oncorhynchus mykiss) were listed as threatened by the National 
Marine Fisheries Service (NMFS 2013). Cottage Grove Dam blocks upstream migration of these species 
to the vicinity of the site. 

A list of the federally threatened and endangered species is provided in Table 2, along with the 
potential for each species to occur within OU1.  

Table 2. Federally listed, Candidate Species, and Species of Concern and Potential to Occur at Black 
Butte Mine Site, Lane County, Oregon 

Common Name Scientific Name 
Listing 
Status 

Potential to 
Occur1 

Birds       
Acorn woodpecker  Melanerpes formicivorus SC Low 
Band-tailed pigeon  Patagioenas fasciata SC Moderate 
Black oystercatcher  Haematopus bachmani SC None 
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Black tern Chlidonias niger SC None 
Harlequin duck  Histrionicus histrionicus SC Low 
Lewis' woodpecker  Melanerpes lewis SC Low 
Marbled murrelet Brachyramphus marmoratus CH FT Low 
Mountain quail  Oreortyx pictus SC Moderate 
Northern goshawk  Accipiter gentilis SC Moderate 
Northern spotted owl  Strix occidentalis caurina  CH FT Moderate 
Olive-sided flycatcher  Contopus cooperi SC Moderate 
Oregon vesper sparrow  Pooecetes gramineus affinis SC Low 
Purple martin  Progne subis SC Moderate 
Short-tailed albatross  Phoebastria albatrus  FE None 
Streaked horned lark Eremophila alpestris strigata FT Low 
Western burrowing owl  Athene cunicularia hypugaea SC None 

Western snowy (coastal) plover  
Charadrius alexandrinus 
nivosus  CH FT None 

Yellow-breasted chat  Icteria virens SC Low 
Mammals       
Camas pocket gopher Thomomys bulbivorus SC Low 
Fringed myotis bat  Myotis thysanodes SC Moderate 
Long-eared myotis bat  Myotis evotis SC Moderate 
Long-legged myotis bat  Myotis volans SC Moderate 
Pallid bat  Antrozous pallidus pacificus SC Low 
Red tree vole  Arborimus longicaudus Candidate Low 
Silver-haired bat  Lasionycteris noctivagans SC Moderate 
Small-footed myotis bat  Myotis ciliolabrum SC Moderate 

Townsend's western big-eared bat  
Corynorhinus townsendii 
townsendii SC Moderate 

White-footed vole  Arborimus albipes SC Moderate 
Yuma myotis bat  Myotis yumanensis SC Moderate 
Fish       
Bull trout Salvelinus confluentus CH FT None 
Coastal cutthroat trout  Oncorhynchus clarki ssp. SC None 
Malheur mottled sculpin Cottus bairdi ssp. SC None 
Oregon chub Oregonichthys crameri CH FT Low 
Pacific lamprey  Lampetra tridentata SC None 
Upper Willamette River Chinook 
salmon Oncorhynchus tshawytscha FT None 
Upper Willamette River steelhead Oncorhynchus mykiss FT None 
Reptiles and Amphibians       
Cascades frog  Rana cascadae SC Moderate 
Coastal tailed frog  Ascaphus truei SC Moderate 
Foothill yellow-legged frog  Rana boylii SC Moderate 
Green sea turtle Chelonia mydas FT None 
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Leatherback sea turtle Dermochelys coriacea FE None 
Loggerhead sea turtle Caretta caretta FE None 

Northern Pacific pond turtle  
Actinemys marmorata 
marmorata SC Moderate 

Northern red-legged frog Rana aurora aurora SC Low 
Olive (=Pacific) ridley sea turtle Lepidochelys olivacea FT None 
Oregon slender salamander  Batrachoseps wrighti SC Moderate 
Oregon spotted frog Rana pretiosa Candidate Low 
Southern torrent (seep) salamander  Rhyacotriton variegatus SC Moderate 
Invertebrates       
Fender's blue butterfly Icaricia icarioides fenderi CH FE Low 
Insular blue butterfly Plebejus saepiolus insulanus SC Low 
One-spot rhyacophilan caddisfly Rhyacophila unipunctata SC Low 
Oregon silverspot butterfly Speyeria zerene hippolyta CH FT Low 
Tombstone Prairie farulan caddisfly  Farula reaperi SC Low 
Sagehen Creek goeracean caddisfly  Goeracea oregona SC Low 
Plants       
Bradshaw's desert parsely Lomatium bradshawii FE Low 
Cliff paintbrush  Castilleja rupicola SC Low 
Cold-water corydalis Corydalis aquae-gelidae SC Low 
Crenulate grape fern Botrychium crenulatum SC Low 
Frye's Limbella  Limbella fryei SC Low 
Henderson's checker-mallow Sidalcea hendersonii SC Low 
Hitchcock's blue-eyed grass Sisyrinchium hitchcockii SC Low 

Kincaid's lupine  
Lupinus sulphureus ssp. 
kincaidii  CH FT Low 

Peacock larkspur Delphinium pavonaceum SC Low 

Pink sand-verbena  
Abronia umbellata ssp. 
breviflora SC Low 

Shaggy horkelia  
Horkelia congesta ssp. 
congesta SC Low 

Thin leaved peavine  Lathyrus holochlorus SC Low 
Wayside aster  Eucephalus vialis SC Low 
Whitebark pine Pinus albicaulis Candidate Low 
Whitetop aster  Sericocarpus rigidus SC Low 

Willamette daisy 
Erigeron decumbens var. 
decumbens CH E Low 

Willamette Valley larkspur Delphinium oreganum SC Low 
1Potential to occur based on range and habitats present at the Black Butte 
Mine Site. 

  Key:  

FE - Federally Endangered 

FT - Federally Threatened 

CH - Critical Habitat has been designated for this species 
  SC - Species of Concern 
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4.3.2 Species of Concern  
A number of species are listed as “species of concern” for Lane County (USFWS 2013). Species of 
concern have a conservation status that is important to the USFWS but for which additional 
information is needed for a formal determination of status. For Lane County 13 birds, 9 mammals, 3 
fish, 7 reptiles and amphibians, 4 invertebrates, and 13 plants fall in this category. Species of concern 
for Lane County, along with the potential for each species to occur within OU1, are listed in Table 2. 

4.4 Representative Receptors 
Food web modeling will be performed for mercury and other site-related bioaccumulative chemicals 
considered potentially hazardous. Metals are not equally bioaccumulative or hazardous, with mercury 
being the most hazardous and most highly bioaccumulative metal of concern for this BERA. 
Bioaccumulation of other inorganic constituents will be considered and decisions regarding 
quantitative risk estimation for upper trophic level receptors (i.e., food web modeling) will follow final 
data evaluation and chemical screening. Preliminary evaluation of existing data suggests that aquatic 
upper trophic level receptors for food web modeling are likely to include belted kingfisher, great-blue 
heron, raccoon, and river otter. Similarly, terrestrial receptors selected for food web modeling are 
likely to include the American robin, deer mouse, brush rabbit, and red-tailed hawk. A raptor 
associated with sufficient food web model inputs such as food ingestion rate will be selected to 
represent northern spotted owl.   

Aquatic receptors selected for quantitative evaluation of direct contact/ingestion exposures include 
aquatic plants, water column invertebrates, benthic macroinvertebrates (BMI), fish, and larval 
amphibians. Terrestrial receptors selected for quantitative evaluation of direct 
contact/uptake/ingestion exposures include terrestrial plants, soil invertebrates (e.g., earthworms), 
small mammals, and birds.  
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Section 5 
Identification of Endpoints and Risk 
Questions/Hypotheses 
This ERA is focused primarily on assessing population-level risks to ecological receptors from site-
related contamination in abiotic media and biota. In general, risks are assessed by comparing COPEC 
concentrations in abiotic media or, for bioaccumulative chemicals, expressed as a daily dose in food 
web models to concentrations associated with adverse effects. Guiding the estimation of risks are two 
types of endpoints: (1) assessment endpoints and (2) measurement endpoints. Risk questions and 
hypotheses are developed to test assumptions regarding relationships between selected assessment 
endpoints, measurement endpoints, and potential exposures to representative receptors.  

Assessment endpoints, measurement endpoints, and risk questions/hypotheses are discussed below. 
Table 3 relates the risk questions/hypotheses to each assessment and measurement endpoint. 
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Table 3. Risk Endpoint Questions 

Receptor Group Assessment 
Endpoint 

Representative 
Receptor 

Candidate Measurement 
Endpoint Data Quality Objective Use in Ecological Risk 

Assessment Risk Question Data Need 

Aquatic 
invertebrates 

Survival, growth, 
and reproduction of 

aquatic 
invertebrates 

Benthic 
macroinvertebrates 

(BMI) 

Contaminant 
concentrations in 

sediment 

Evaluate the potential effects 
of contaminants on BMI 

Comparison of contaminant 
concentrations in sediment to 

sediment TRVs 

Are the levels of contaminants in sediments within the aquatic 
ecosystems of OU1 greater than the sediment TRVs for the survival, 

growth, or reproduction of BMI? 

Contaminant 
concentrations in sediment 

Contaminant 
concentrations in surface 

water 

Evaluate the potential effects 
of contaminants on BMI and 
water column invertebrates 

Comparison of contaminant 
concentrations in surface water 

to surface water TRVs 

Are the levels of contaminants in surface water within the aquatic 
ecosystems of OU1 greater than the surface water TRVs for the 

survival, growth, or reproduction of BMI and water column 
invertebrates? 

Contaminant 
concentrations in surface 

water  

BMI community metrics 
associated with 

abundance and diversity 

Evaluate the abundance and 
diversity of the BMI community 
in OU1 in comparison to that of 

background locations 

Comparison of BMI metrics to 
background locations 

Is the abundance and diversity of BMI exposed to sediments within the 
aquatic ecosystems of OU1 significantly reduced relative to that of BMI  

exposed to background area sediments? 
BMI survey 

Contaminant 
concentrations in BMI 

(composites of multiple 
taxa) 

Comparison to background 
and food web model input 

Comparison of contaminant 
concentrations in aquatic 

invertebrate tissue from OU1 
with background and input into 

food web model 

Are the levels of contaminants in aquatic invertebrate tissue within OU1 
higher than the levels in aquatic invertebrate tissue from background 

locations? 

Contaminant 
concentrations in 

composite BMI taxa within 
OU1 and from background 

locations 

Larval amphibians  Survival and growth 
of larval amphibians 

Pacific giant 
salamander, rough-

skinned newt 

Contaminant 
concentrations in surface 

water   

Evaluate the potential effects 
of contaminants on larval 

amphibians 

Comparison of contaminant 
concentrations in surface water 

to TRVs 

Are the concentrations of dissolved contaminants in surface water 
within the aquatic ecosystems of OU1 greater than the surface water 
TRVs (dissolved) for the survival and growth of larval amphibians? 

Contaminant 
concentrations in surface 

water 

Fish 
Survival, growth, 

and reproduction of 
fish 

Cutthroat trout, 
other fish species 
inhabiting Dennis 

and Garoutte 
Creeks 

Contaminant 
concentrations in surface 

water   

Evaluate the potential effects 
of contaminants on fish 

Comparison of contaminant 
concentrations in surface water 

to surface water TRVs and 
salmonid-specific TRVs 

Are the concentrations of dissolved contaminants in surface water 
within  OU1 greater than the surface water TRVs (dissolved) for the 

survival, growth, and reproduction of fish (general and specifically for 
salmonid fish)? 

Contaminant 
concentrations in surface 

water 

Fish community metrics 
associated with 

abundance and diversity 

Evaluate the abundance and 
diversity of the fish community 
in OU1 in comparison to that of 

background locations 

Comparison of fish metrics to 
background locations 

Is the structure of fish communities exposed to water and sediment 
within the aquatic ecosystems of OU1 significantly different than that of 

suitable background areas? 
Fish survey 

Contaminant 
concentrations in whole 

body fish tissue 

Evaluate the potential effects 
of contaminants on fish 

Comparison of contaminant 
concentrations in whole body fish 

tissue to residual-based TRVs 

Are the levels of contaminants in whole body fish tissue within OU1 
higher than the residue-based TRVs for the survival, growth, or 

reproduction of fish? 

Contaminant 
concentrations in whole 

body fish tissue 

Contaminant 
concentrations in whole 

body fish tissue 

Comparison to background 
and food web model input 

Comparison of contaminant 
concentrations in whole body fish 
tissue from OU1 with background 

and input into food web model 

Are the levels of contaminants in whole body fish tissue within OU1 
higher than the levels in whole body fish tissue from background 

locations? 

Contaminant 
concentrations in whole 

body fish tissue within OU1 
and from background 

locations 

Birds 
Survival, growth, 

and reproduction of 
birds 

Empidonax 
flycatcher 

Contaminant 
concentrations in BMI 

(representing aquatic life 
stages of flying insects) 

Evaluate the potential effects 
of contaminants on 
insectivorous birds 

Food web modeling 
Are the average daily doses of contaminants for insectivorous birds 
within OU1 higher than the dietary TRVs for the survival, growth, or 

reproduction of insectivorous birds? 

Contaminant 
concentrations in larval 
forms of aquatic insects 

(BMI) 
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American robin 

Contaminant 
concentrations in surface 

soil and in terrestrial 
plants and earthworms 

Evaluate the potential effects 
of contaminants on 
omnivorous birds 

Comparison to soil-based ESLs 
and Food web modeling 

Are the average daily doses of contaminants for omnivorous birds 
within OU1 higher than the dietary TRVs for the survival, growth, or 

reproduction of omnivorous birds? 

Contaminant 
concentrations in surface 

soil and in earthworms and 
plant tissues (e.g., berries, 

seeds)  

Great blue heron, 
belted kingfisher 

Contaminant 
concentrations in whole 

body fish 

Evaluate the potential effects 
of contaminants on piscivorous 

birds 
Food web modeling 

Are the average daily doses of contaminants for piscivorous birds within 
OU1 higher than the dietary TRVs for the survival, growth, or 

reproduction of piscivorous birds? 

Contaminant 
concentrations in whole 

body fish tissue 

Red-tailed hawk, 
Western screetch 

owl 

Contaminant 
concentrations in surface 

soil and in small 
mammals 

Evaluate the potential effects 
of contaminants on 
carnivorous birds 

Comparison to soil-based ESLs 
and Food web modeling 

Are the average daily doses of contaminants for carnivorous birds 
within OU1 higher than the dietary TRVs for the survival, growth, or 

reproduction of carnivorous birds? 

Contaminant 
concentrations in surface 
soil and whole body small 

mammals  

Mammals 
Survival, growth, 

and reproduction of 
mammals 

Deer mouse and 
brush rabbit 

Contaminant 
concentrations in surface 

soil and in terrestrial 
plants and invertebrates 

(represented by 
earthworms) 

Evaluate the potential effects 
of contaminants on 

herbivorous/omnivorous 
mammals 

Comparison to soil-based ESLs 
and Food web modeling 

Are the average daily doses of contaminants for 
herbivorous/omnivorous mammals within OU1 higher than the dietary 

TRVs for the survival, growth, or reproduction of 
herbivorous/omnivorous mammals? 

Contaminant 
concentrations in surface 
soil, vegetation (above 

ground, unwashed parts) 
and earthworms 

Shrew 
Contaminant 

concentrations in surface 
soil and in eathworms 

Evaluate the potential effects 
of contaminants on 

vermivorous mammals 

Comparison to soil-based ESLs 
and Food web modeling 

Are the average daily doses of contaminants for vermivorous mammals 
within OU1 higher than the dietary TRVs for the survival, growth, or 

reproduction of vermivorous mammals? 

Contaminant 
concentrations in surface 

soil and earthworms   

Raccoon, river 
otter 

Contaminant 
concentrations in whole 

body fish 

Evaluate the potential effects 
of contaminants on 

omnivorous/piscivorous 
mammals 

Food web modeling 

Are the average daily doses of contaminants for 
omnivorous/piscivorous mammals within OU1 higher than the dietary 

TRVs for the survival, growth, or reproduction of 
omnivorous/piscivorous mammals? 

Contaminant 
concentrations in whole 

body fish tissue 

Red fox (surrogate 
for coyote and 

other top 
predators) 

Contaminant 
concentrations in surface 

soil and in small 
mammals and terrestrial 

plants 

Evaluate the potential effects 
of contaminants on 

carnivorous mammals 

Comparison to soil-based ESLs 
and Food web modeling 

Are the average daily doses of contaminants for carnivorous mammals 
within OU1 higher than the dietary TRVs for the survival, growth, or 

reproduction of carnivorous mammals? 

Contaminant 
concentrations in surface 

soil and in small mammals 

Terrestrial plants 
Survival, growth, 

and reproduction of 
terrestrial plants 

Terrestrial plants 

Contaminant 
concentrations in soils 

Evaluate the potential effects 
of contaminants on plants 

Comparison of contaminant 
concentrations in soils to TRVs 

Are the levels of contaminants in surface soils of OU1 greater than the 
soil TRVs for the survival, growth, or reproduction of terrestrial plants? 

Contaminant 
concentrations in surface 

soil 

Plant community metrics 
associated with 

abundance and diversity 

Evaluate the potential effects 
of contaminants on plants 

Comparison of metrics to 
background locations 

Is the community structure of terrestrial plants exposed to soils within 
OU1 significantly different than that of background areas? Vegetation survey 

Terrestrial 
invertebrates 

Survival, growth, 
and reproduction of 

terrestrial 
invertebrates 

Terrestrial 
Invertebrates 

(represented by 
earthworms) 

Contaminant 
concentrations in soil 

Evaluate the potential effects 
of contaminants on terrestrial 

invertebrates 

Comparison of contaminant 
concentrations in soils to TRVs 

Are the levels of contaminants in surface soils of OU1 greater than the 
soil TRVs for the survival, growth, or reproduction of terrestrial 

invertebrates (represented by earthworms)? 

Contaminant 
concentrations in surface 

soil 
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Adult amphibians 
and reptiles 

Survival, growth, 
and reproduction of 
adult amphibians 

and reptiles 

Rough-skinned 
newt, racer 

Qualitative- general 
discussion regarding 

potential exposure and 
potential likelihood of 

effects from contaminants 
in soils within OU1 

Qualitatively evaluate the 
potential for exposure of adult 

amphibians and reptiles to 
contaminants in OU1 soils 

Qualitative evaluation of effects 
potential from contaminants in 

OU1 soils 

Does the potential for exposure of adult amphibians and reptiles to the 
levels of contaminants in soils within OU1 indicate a potential for effects 

on the survival, growth, or reproduction of adult amphibians and 
reptiles? 

Qualitative evaluation of 
exposure potential for 
adult amphibians and 

reptiles in OU1 
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5.1 Assessment Endpoints  
Assessment endpoints identify the ecological values to be protected (e.g., abundance and diversity of 
aquatic macroinvertebrates or fish). Assessment endpoints are directly related to remedial action 
goals and objectives determined for the site. Appropriate assessment endpoints are developed by risk 
assessors and often consider guidance from relevant regulatory agencies. BERA-related remedial 
action goals and objectives for the OU1have not been specifically determined but general goals and 
objectives are likely to include:  

 Re-establishment or maintenance of a balanced and diverse aquatic and riparian ecosystem 
adjacent to and downstream of the former mine site (i.e., in OU1). 

 Protection of upper trophic level consumers (e.g., piscivorous birds and mammals) dependent 
on aquatic environments within OU1 from site-related adverse exposures 

 The establishment and maintenance of a healthy and diverse terrestrial ecosystem adjacent to 
the Site (while recognizing that impacted terrestrial areas associated with mine wastes are 
likely small and localized). 

 Protection of upper trophic level consumers (e.g., terrestrial birds and mammals) dependent on 
riparian and terrestrial environments within OU1 from site-related adverse exposures 

The BERA is designed to support decisions related to remedial action goals and objectives. This 
support consists of selecting appropriate assessment endpoints and evaluating risks related to these 
endpoints. Risk evaluation and interpretation is guided by development of specific risk questions or 
hypotheses. Characteristics of the site, COPECs, toxicological mechanisms, and exposure pathways 
were used to select the media-specific assessment endpoints described below. Implicit in these 
assessment endpoint statements is the concept of ensuring that these values or resources warrant 
protection, or should be re-established or maintained. 

5.1.1 Surface Water and Sediment Based Assessment Endpoints  
 Protection of benthic invertebrate receptors from the toxic effects (on survival, growth, and 

reproduction) of site-related chemicals present in sediment and surface water 

 Protection of larval amphibians from the toxic effects (on survival, growth, and reproduction) of 
site-related chemicals present in sediment and surface water 

 Protection of fish from the toxic effects (on survival, growth, and reproduction) of site-related 
chemicals present in sediment and surface water 

 Protection of insectivorous, piscivorous, and carnivorous avian receptors (e.g., belted kingfisher 
and great-blue heron) from the toxic effects (on survival, growth, and reproduction) of site-
related chemicals present in prey, sediment, and surface water 

 Protection of omnivorous and piscivorous mammalian receptors (e.g., raccoon and river otter) 
from the toxic effects (on survival, growth, and reproduction) of site-related chemicals present 
in prey, sediment, and surface water 
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5.1.2 Soil-based Assessment Endpoints 
The following soil-based assessment endpoints will consider the important assumption that mining-
impacted terrestrial areas are likely small and localized, surrounded by large areas of likely un-
impacted terrestrial habitats. 

 Protection of terrestrial plants and invertebrate communities from the toxic effects (on survival, 
growth, or reproduction) of site-related chemicals present in soil 

 Protection of terrestrial amphibians and reptiles from the toxic effects (on survival, growth, or 
reproduction) of site-related chemicals present in surface soil. (Due to a lack of appropriate 
TRVs, this will be a qualitative evaluation.) 

 Protection of carnivorous avian receptors (e.g., red-tailed hawk and northern spotted owl) from 
the toxic effects (on survival, growth, or reproduction) of site-related chemicals present in 
terrestrial prey and surface soil 

 Protection of omnivorous avian receptors (e.g., American robin) from the toxic effects (on 
survival, growth, or reproduction) of site-related chemicals present in terrestrial plants, prey 
and surface soil 

 Protection of vermivorous (worm-eating) mammalian receptors (e.g., shrew) from the toxic 
effects (on survival, growth, or reproduction) of site-related chemicals present in terrestrial 
prey and surface soil 

 Protection of herbivorous, omnivorous, and carnivorous mammalian receptors (e.g., deer 
mouse, brush rabbit, and red fox) from the toxic effects (on survival, growth, or reproduction) 
of site-related chemicals present in food items and surface soil 

5.2 Measurement Endpoints 
Assessment endpoints are often difficult to measure or evaluate directly. For example, we cannot 
predict with certainty conditions necessary to ensure survival and successful reproduction of fish in 
surface waters adjacent to or downstream of the site. For example, water chemistry issues may not be 
wholly site-related, physical habitat and flow regimes may impose limitations, and introduced species, 
pathogens or other biological agents may impact community health.  

Chemical toxicity data as expressed in ESLs used by regulatory agencies can often help predict the 
contribution of chemical exposure to observed ecological impacts. Measurement endpoints selected 
for assessing risks to ecological receptors in this BERA are for the most part toxicity reference values 
(TRVs) selected from or based on accepted sources such as EPA and other relevant regulatory 
agencies. Final medium-specific TRVs will be selected for estimating risks to ecological receptors 
based on data availability, but  are likely to include commonly accepted values such as the following: 

 Surface Water 

- Chronic national recommended water quality criteria (NRWQC; EPA 2009) and similar 
State of Oregon chronic water quality criteria 

 Sediment 
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- Consensus-based Threshold Effects Concentrations (TECs) and Probable Effects 
Concentrations (TECs; MacDonald et al. 2000) 

 Surface Soil 

- Ecological Soil Screening Levels (Eco-SSLs) for protection of terrestrial plants, soil-
associated invertebrates, birds, and mammals (EPA 2003-2005) 

 Food Web Modeling 

- No Observed Adverse Effect Levels (NOAELs) and Lowest Observed Adverse Effect Levels 
(LOAELs) from toxicity literature, species-specific, and linked to effects on survival, growth, 
or reproduction. 

Measurement endpoints are used where assessment endpoints cannot be directly measured or 
evaluated. Measurement endpoints are quantitative expressions of observed or measured biological 
responses to stressors relevant to selected assessment endpoints. For example, survival and growth of 
aquatic invertebrates (an assessment endpoint) can be evaluated using aquatic toxicity data based on 
an appropriate measurement endpoint. As a more specific example, concentrations of inorganic 
constituents in surface water can be compared to concentrations in laboratory tests with surface 
water that resulted in observed ecologically significant effects to sensitive and relevant test species 
[i.e., the water flea (Ceriodaphnia dubia)]. This example expresses the relationship between a relevant 
measurement endpoint (chronic effects concentration of inorganic constituents in surface water) that 
is directly related to the assessment endpoints of aquatic invertebrate survival and growth. 
Measurement endpoints for this BERA will consist primarily of medium- and chemical-specific TRVs 
associated with effects on survival, growth, or reproduction; tissue residue-based TRVs; and 
community metrics related to abundance and diversity.  

For this BERA, ecologically significant effects are defined as those affecting survival, growth, or 
reproduction of selected receptors. Other endpoints such as effects on behavior or histopathological 
effects are not considered because these endpoints cannot be easily linked to ecologically significant 
impairment to populations or communities. Protection of populations and communities is a major goal 
of the BERA, while protection of individual organisms is warranted for species of special concern (e.g., 
state or federally listed species). 

Because some site-related COPEcs may accumulate in biological tissues and exert adverse effects in 
upper trophic level biota, this BERA considers bioaccumulation, food web effects, and adverse effects 
in upper trophic level organisms to be especially important.  That is, affects higher in the food web 
may occur even when direct impacts to plants, invertebrates and small prey species are not expected. 
Food web modeling is currently proposed for a number of upper trophic level receptors linked to 
sediment, incluinge belted kingfisher, great-blue heron, raccoon, and river otter.  

Soil-based models will be used to assess risks to soil-associated receptors such as American robin, 
red-tailed hawk, western screech owl or northern spotted owl, brush rabbit, deer mouse/white-footed 
mouse, and short-tailed shrew. Measurement endpoints for food web models are dietary or dose-
based TRVs.  

Table 3 summarizes the relationship between assessment endpoints, representative receptor species, 
measurement endpoints, and associated risk questions (i.e., testable hypotheses). 
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5.3 Risk Questions/Hypotheses 
Hypotheses or risk questions are used to test relationships among assessment endpoints, 
measurement endpoints, and estimated exposures for selected representative receptors. Hypotheses 
identified for this BERA are based on selected ecological receptors and important exposure scenarios 
linked to these receptors. A primary goal of the BERA is to answer the following risk questions with 
sufficient confidence to allow appropriate decision making with regard to site remediation. 

Some receptor groups, although considered important, are not included in the following hypotheses 
because assessment data are sparse or lacking. For example, protection of local amphibian 
populations is considered important but data are lacking to assess impacts on these receptors.  A 
qualitative evaluation of possible impacts to such receptors will be included 

5.3.1 Aquatic Invertebrates 
 Are levels of COPECs in sediments within OU1 downstream of mining activities  greater than 

levels of COPECs in sediments upstream of mining activities or greater than the sediment TRVs 
for the survival, growth, or reproduction of BMI? 

- Data needed to support a response to this question include COPEC concentrations in 
sediment, measured as mg/kg dry weight (dw) from the three aquatic ecosystems within 
OU1, both upstream and downstream of inputs from mining activities. Incremental 
sampling was conducted to achieve a mean value over a wide spatial area within Furnace, 
Dennis, and Garoutte Creeks, applicable to wide ranging receptors with large foraging 
ranges.  

 Are levels of COPECs in surface water within OU1 downstream of mining activities greater than 
levels of COPECs in surface water upstream of mining activities or greater than surface water 
TRVs for survival, growth, or reproduction of BMI and water column invertebrates?  
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- Data needed to support a response to this question include dissolved COPEC concentrations 
in surface water, measured as ug/L, hardness adjusted where applicable, from locations 
downstream of inputs from mining activities within Dennis and Garoutte Creeks and from 
background locations upstream of inputs from mining activities. 

 Is abundance and diversity of BMI exposed to sediments within OU1 downstream of mining 
activities significantly reduced relative to that of BMI  exposed to background area sediments 
upstream of mining activities? 

- Data needed to support a response to this question include BMI surveys emphasizing 
measurement of metrics related to survival and growth from locations downstream of 
inputs from mining activities within Furnace, Dennis, and Garoutte Creeks and from 
background locations upstream of inputs from mining activities. 

 Are levels of COPECs in aquatic invertebrate tissue from areas within OU1 downstream of 
mining activities higher than levels in aquatic invertebrate tissue from background locations 
upstream of mining activities? 

- Data needed to support a response to this question include COPEC concentrations in 
composite BMI taxa within areas of OU1 downstream of mining activities and from 
background locations upstream of mining activities. 

5.3.2 Larval Amphibians  
 Are the concentrations of dissolved COPECs in surface water within the aquatic ecosystems of 

OU1 greater than the surface water TRVs (dissolved) for the survival, growth, and reproduction 
of larval amphibians? 

- Data needed to support a response to this question include dissolved COPEC concentrations 
in surface water, measured as ug/L, hardness adjusted where applicable, from locations 
upstream and downstream of inputs from mining activities within Dennis and Garoutte 
Creeks. 

5.3.3 Fish 
 Are the concentrations of dissolved COPECs in surface water within OU1 greater than the 

surface water TRVs (dissolved) for the survival, growth, and reproduction of fish (general and 
specifically for salmonid fish)? 

- Data needed to support a response to this question include dissolved COPEC concentrations 
in surface water, measured as ug/L, hardness adjusted where applicable, from locations 
upstream and downstream of inputs from mining activities within Dennis and Garoutte 
Creeks. 

 Is the structure of fish communities exposed to water and sediment within the aquatic 
ecosystems of OU1 significantly different than that of suitable background areas?  

  5-5 
Appendix F - Draft Problem Formulation BBM.docx 



Section 5  •  Identification of Endpoints and Risk Questions/Hypotheses 
 

- Data needed to support a response to this question include fish surveys emphasizing 
abundance and diversity (taxa richness) relative to background. Background is defined here 
as locations where abundance and diversity of fish approach values expected for waters 
unimpacted by mining activities, and include only those areas where physical conditions are 
suitable for fish.  

 Are levels of COPCs in whole body fish tissue within OU1 higher than the residue-based TRVs 
for the survival, growth, or reproduction of fish? 

- Data needed to support a response to this question include COPEC concentrations in whole 
body fish from locations within the aquatic ecosystems of OU1 that are suitable for fish. 

 Are the levels of COPECs in whole body fish tissue from OU1 areas downstream of mining 
activities higher than the levels in whole body fish from background locations upstream of 
mining activities? 

- Data needed to support a response to this question include COPEC concentrations in whole 
body fish from locations within the aquatic ecosystems of OU1 and from regional 
background locations (i.e., upstream of mining activities). 

5.3.4 Birds 
 Are average daily doses of COPCs for insectivorous birds within OU1 higher than the dietary 

TRVs for the survival, growth, or reproduction of insectivorous birds? 

- Data needed to support a response to this question include COPEC concentrations in larval 
forms of insects with aquatic life stages (BMI) from locations within OU1 and within 
appropriate background locations. 

 Are the average daily doses of COPECs for omnivorous birds within OU1 higher than the dietary 
TRVs for the survival, growth, or reproduction of omnivorous birds? 

- Data needed to support a response to this question include COPEC concentrations in surface 
soil, earthworms, and plant tissues (e.g., seeds) that serve as food for omnivorous birds 
from locations within OU1 and within appropriate background locations. 

 Are the average daily doses of COPECs for piscivorous birds within OU1 higher than the dietary 
TRVs for the survival, growth, or reproduction of piscivorous birds? 

- Data needed to support a response to this question include COPEC concentrations in small 
whole body fish from locations within OU1 and within appropriate background locations. 

 Are the average daily doses of COPECs for carnivorous birds within OU1 higher than the dietary 
TRVs for the survival, growth, or reproduction of carnivorous birds? 

- Data needed to support a response to this question include COPEC concentrations in surface 
soil and whole body small mammals from locations within OU1 and within appropriate 
background locations. 
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5.3.5 Mammals 
 Are the average daily doses of COPECs for herbivorous/omnivorous mammals within OU1 

higher than the dietary TRVs for the survival, growth, or reproduction of 
herbivorous/omnivorous mammals? 

- Data needed to support a response to this question include COPEC concentrations in surface 
soil, vegetation (above ground, unwashed parts) and earthworms from locations within 
OU1 and within appropriate background locations. 

 Are the average daily doses of COPECs for vermivorous mammals within OU1 higher than the 
dietary TRVs for the survival, growth, or reproduction of vermivorous mammals? 

- Data needed to support a response to this question include COPEC concentrations in surface 
soil and earthworms from locations within OU1 and within appropriate background 
locations. 

 Are the average daily doses of COPECs for omnivorous/piscivorous mammals within OU1 
higher than the dietary TRVs for the survival, growth, or reproduction of 
omnivorous/piscivorous mammals? 

- Data needed to support a response to this question include COPEC concentrations in whole 
body fish from locations within OU1 and within appropriate background locations. 

 Are the average daily doses of COPECs for carnivorous mammals within OU1 higher than the 
dietary TRVs for the survival, growth, or reproduction of carnivorous mammals? 

- Data needed to support a response to this question include COPEC concentrations in surface 
soil and whole body small mammals from locations within OU1 and within appropriate 
background locations. 

5.3.6 Terrestrial Plants 
 Are the levels of COPECs in surface soil within OU1 areas impacted by mining activities greater 

than the levels of COPECs in background areas or greater than the soil TRVs for the survival or 
growth of terrestrial plants? 

- Data needed to support a response to this question include COPEC concentrations in surface 
soil from locations within OU1. 

 Is the community structure of terrestrial plants exposed to soils within OU1 significantly 
reduced relative to that of background areas? 

- Data needed to support a response to this question include vegetation/plant surveys within 
OU1 and within appropriate background locations. 

5.3.7 Terrestrial Invertebrates 
 Are the levels of COPECs in surface soils of OU1 greater than the soil TRVs for the survival, 

growth, or reproduction of terrestrial invertebrates (represented by earthworms)?  

- Data needed to support a response to this question include COPEC concentrations in surface 
soil from locations within OU1. 
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5.3.8 Adult Amphibians and Reptiles (Qualitative Evaluation) 
 Does the potential for exposure of adult amphibians and reptiles to the levels of COPECs in soils 

within OU1 indicate a potential for effects on the survival, growth, or reproduction of adult 
amphibians and reptiles? 

5.4 Development of the Conceptual Site Model 
As described above, a CSM was initially developed during the Optimization Review for the site (USEPA 
2012). This CSM was revised based on site surveys and data from sampling activities (Figure D-2).  

The CSM is a visual summary of sources of COPECs, their release, fate and transport in the 
environment, exposure points where receptors may contact COPECs, and representative receptors for 
these exposure points. The CSM is the primary output of the Problem Formulation phase of the BERA. 
It summarizes exposure scenarios and is the basis for a series of testable null hypotheses for the Site 
presented below. The CSM is the culmination of analyses presented above. 

Components of the BERA CSM are illustrated for the mine site and tailing facility (source) areas of OU1 
(top of Figure D-2). On the far right, symbols are provided to help explain current interpretation of the 
importance of various pathways. Solid black dots represent complete and significant exposure 
pathways that are evaluated quantitatively. Dashed lines represent incomplete exposure pathways 
that are evaluated. Open circles represent exposure pathways that are considered: 

 Insignificant and complete (subject to qualitative evaluation where data allow) 

 Insignificant and complete (but not evaluated due to lack of data) 

 Possibly complete but insignificant or highly unlikely in most cases 

Quantitative risk estimation in the BERA is reserved for: 

 Impacts to BMI  based on instream sediment and surface water COPC concentrations, and 
supplemented by BMI community data 

 Impacts to fish and water-column invertebrates (and to a lesser extent, aquatic plants and larval 
amphibians) based on surface water COPEC concentrations 

 Impacts to birds and mammals (via food web modeling), based on consumption of food items 
linked to soil or sediment COPEC concentrations, with surface water (drinking) component and 
incidental soil or sediment ingestion included 

 Impacts to terrestrial plants and soil-dwelling invertebrates based on soil COPEC 
concentrations (including tailings/mine waste/surface soils), supplemented by terrestrial plant 
community data 
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Section 6 
Risk Characterization 
Risk characterization integrates information from the exposure and effects assessments to estimate 
risks to representative ecological receptors. Several approaches can be used to integrate exposure and 
effects data, with selected approaches often dependent on the availability of specific types of data. For 
example, results of site-specific surveys of certain components of aquatic or terrestrial ecological 
communities are useful lines of evidence to support quantitative risk estimates. Site-specific 
community structure and survey data are available for certain aquatic receptor groups identified for 
this BERA. The results of these surveys are used to supplement the primary method of risk 
estimation—the hazard quotient (HQ) approach -- described below.   

6.1 Risks Based on Direct Exposure 
Risks based on direct exposure (direct contact and ingestion) to COPEC-contaminated media are 
assessed using the HQ approach. This method of assessing risks is based on the ratio of an exposure 
concentration to an effects concentration. The general equation follows: 

More specifically, HQ calculations for this BERA are based on the following: 

Where: EPC = exposure point concentration (e.g., 95% UCL) 
 TRV = toxicity reference value 

For example, an EPC for a given COPEC in sediment is compared to an appropriate sediment TRV. In 
most cases, selected TRVs represent  COPEC concentrations associated with low but significant 
likelihood of adverse effects. TRVs are most appropriately threshold concentrations at which adverse 
effects begin to be observed but, depending on available data, may be  higher concentrations at which 
adverse effects are usually or always observed in more sensitive life stages or taxa.  

Exceedance of a TRV indicates that further investigation is warranted and adverse effects may occur. 
Exceedance of a probable effect or low effect value suggests a significant potential for adverse effects 
to occur. Where neither the threshold nor the low effect TRV is exceeded, risks are deemed acceptable 
or so low that they can be considered insignificant. Higher HQs (above 1) are not necessarily 
indicative of more severe effects, but instead, where confidence in TRVs is equal, suggest a greater 
likelihood of adverse effects. Finally, exceedance of chronic TRVs suggests that short-term, acute 
effects may be possible. 

6.2 Risks to Upper Trophic Level Receptors 
Risks based on direct exposure to COPEC-contaminated media do not consider bioaccumulation and 
transfer of COCs through dietary exposures, which are most often assessed using food web modeling. 
Dietary exposures are most important for bioaccumulative COPECs and COPECs that biomagnify 
because upper trophic level organisms are often at the greatest risk. Models used here to assess 

TRV
EPCHQ =
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dietary exposures include consumption of COPEC-contaminated food items, ingestion of COPECs in 
drinking water, and incidental ingestion of contaminated soil or sediment.  

For this BERA, food web modeling is performed for the most highly bioaccumulative site-related 
COPECs for a specific suite of mammalian and avian receptors selected based on criteria described 
previously. Sediment-based exposures are linked to water-dependent receptors, and soil-based 
exposures are linked to terrestrial receptors.  

As discussed previously, output of the food web model is an estimated daily dose, expressed in mg 
COPEC per kg body weight per day (mg/kg-d). This dose is based on EPCs in the primary exposure 
medium (instream sediment or surface soil) and the average COPEC concentrations measured or 
estimated in biota that serve as food items. The dose resulting from the modeling is compared to two 
dose-based TRVs taken from literature sources—the No Effect dose and the Low Effect dose. The 
former is based on a selected NOAEL and the latter is based on a selected LOAEL. Risks are expressed 
as HQs, based on the following: 

Two risk estimates are, therefore, produced for each combination of receptor and COPEC—the 
NOAEL-based HQ and the LOAEL-based HQ. As for the HQ method presented previously, HQs greater 
than 1.0 potentially indicate significant risk. 

6.3 Other Supporting Data 
Risk characterization will also be based on additional lines of evidence to supplement the HQ 
approach and the food web modeling approach described above. Additional lines of evidence include 
qualitative evaluation of biological surveys to include assessment of the community structures of 
benthic macroinvertebrates, fish, terrestrial invertebrates, and vegetation and comparison to 
appropriate background locations. 

6.4 Uncertainty Analysis 
Uncertainties at any point in the BERA can affect confidence in the acceptance or rejection of 
hypotheses and overall conclusions reached in the ERA. By definition, uncertainties in risk 
characterization are influenced by uncertainties in exposure assessment and effects assessment. 
Uncertainties related to exposure estimation, effects data, and risk characterization are minimized by 
the extensive data collection and careful attention to detail where uncertainties are likely to be highest 
(e.g., calculation of EPCs for small data sets). A detailed qualitative uncertainty section will be 
provided in the ERA. 

 

DoseLOAELorNOAEL
DoseDailyEstimatedHQ =
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Section 7 
Proposed Data Collection Efforts 
Following is a list of the data collection activities proposed to address the risk questions/hypotheses 
presented above: 

 BMI community sampling -- to be conducted in upstream and downstream locations on Dennis 
and Garoutte Creeks. Upstream locations on Furnace Creek will be confirmed via screening level 
surveys as not fully supportable of fish and BMI. 

 Aquatic invertebrate sampling for inorganic constituent analysis -- to be conducted in upstream 
and downstream locations on Dennis and Garoutte Creeks. 

 Fish community sampling – to be conducted in upstream and downstream locations on Dennis 
and Garoutte Creeks. 

 Whole body fish tissue sampling for inorganic constituent analysis – to be conducted in 
upstream and downstream locations on Dennis and Garoutte Creeks. 

- This sampling will be conducted in a manner to support both ERA and HHRA efforts to the 
extent applicable and appropriate. 

 Terrestrial plant community surveys – to be conducted within OU1 and appropriate 
background locations. 

 Terrestrial plants- sampling of unwashed above-ground vegetation (e.g., leaves, berries, seeds, 
etc.) for inorganic constituent analysis – to be conducted in OU1 and background areas. 

 Terrestrial invertebrates (undepurated earthworms) tissue sampling for inorganic constituent 
analysis- to be conducted in OU1 and background soils. 

 Small mammal tissue sampling (whole body small rodents) for inorganic constituent analysis- 
to be conducted in OU1 and background areas. 

- Surface soil sampling for inorganic constituent analysis- to be conducted in OU1 and 
background areas.[ Worm, small mammal, and terrestrial plant tissue sampling will be co-
located with surface soil sampling to allow for derivation of site-specific soil-to-tissue 
BAFs.] 

 Sediment sampling for inorganic constituent analysis at upstream and downstream locations on 
Dennis, Furnace, and Garoutte Creeks. NOTE: These data have already been collected. 

 Surface water sampling for inorganic constituent analysis at upstream and downstream 
locations on Dennis, Furnace, and Garoutte Creeks. NOTE: These data have already been 
collected or sampling is ongoing. 

In addition to the above, additional data collection is proposed to support HHRA. The CSM for OU1 
HHRA provides appropriate details.  The following is a summary of proposed site characterization 
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efforts.  In all cases, sampling will be coordinated with sampling to support the BERA to maximize 
information and minimize costs. 

 Sampling of fish tissue for human consumption (i.e., filets). 

- This effort will be coordinated with ERA fish sampling to optimize use of fish tissue data, 
where applicable. 

 Opportunistic sampling of game tissue if possible (i.e., deer and/or bear liver and/or muscle) 
via a program with Weyerhaeuser to obtain donations edible meat samples from hunters.  
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Section 1   
Introduction 
This technical document serves as a Baseline Risk Assessment Plan (BRAP) for Black Butte Mine 
(BBM). The purpose of this document is to provide a model for initial discussions with stakeholders, 
risk assessors from EPA, and cooperating agencies regarding human health risk assessment issues and 
to help guide site characterization to support human health risk assessment addressing potential 
human health risk at OU1.  This BRAP includes a preliminary conceptual site model, and an initial 
hazard identification and pathways analysis. Consensus among stakeholders on the BRAP will assist in 
identifying and meeting remedial investigation data needs. 

The BBM NPL site consists of the mine site itself, Garoutte Creek and the Coast Fork of the Willamette 
River downstream to Cottage Grove Reservoir, and the reservoir itself.  This BRAP focuses on the mine 
site, but does include some discussion of downstream units.  This discussion is intended to provide 
some perspective on how separate risk assessment efforts will develop a consistent and 
comprehensive evaluation of human health risks for the entire NPL site. 
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Section 2   
Site Description 
Black Butte Mine (BBM) is a former mercury mine located in southern Lane County approximately ten 
miles south of Cottage Grove in the Coast Fork Willamette River Basin, Oregon. The BBM is located on 
the northwest flank of Black Butte and is bordered to the northeast by Dennis Creek, to the southwest 
by Furnace Creek, to the southeast by Black Butte Mountain, and to the northwest by Garoutte Creek 
and the  residence. Both Dennis Creek and Furnace Creek flow west-northwest to Garoutte 
Creek, which flows northward approximately six miles to the Coast Fork of the Willamette River. 
Furnace creek is ephemeral, except for a spring at its source, and Dennis Creek flow is small compared 
to the flow in Garoutte Creek. The Coast Fork of the Willamette River empties into Cottage Grove 
Reservoir after receiving additional flow from several small creeks downstream of the mine site. 
Motor vehicle access to the site is restricted by locked gates. The road leading to one of the gates 
crosses private property owned by  

 

BBM was first operated in the late 1890s. The mine operated intermittently through the late 1960s, 
with peak production occurring during the period from 1927 to 1943. Between the years 1900 and 
1957, a total of 16,904 flasks of elemental mercury were produced at the mine (one flask equals 76 
pounds and about 2.5 L). The current owner, Land and Timber Company, has used the property for 
logging. 

Primary features of the site include a former mill structure containing rusting remnants of a rotary 
kiln, mercury condenser, and ore storage/crushing equipment (New Furnace Area), another mill and 
furnace area (Old Ore Furnace) with minimal remnants of mill/furnace structures, several old 
dilapidated buildings, waste rock / tailings piles, a system of unimproved roads, and mine adits. The 
main tailings pile, containing both waste rock and mill tailings, is located in a relatively flat area below 
the New Furnace Area. It is bordered on the northeast by Dennis Creek. Remnants of a second waste 
pile lie to the northwest of the Old Ore Furnace. This area borders Furnace Creek to the southwest.  

Adits are located in steep terrain and require a rigorous climb to reach.  Little if any evidence of 
visitors to the adits was observed during CDM Smith field activities. 

A removal action was performed at the BBM site between August 20 and September 3, 2007. During 
this action, the EPA and its contractors regraded steep slopes of the site's Main Tailings Pile along one 
of the three creeks at the site to prevent tailings material to continue washing into the creek. A 
substantial amount of tailings were removed during the regrading and used to cap two other more 
highly contaminated areas on the site. The material used for capping contained mercury at 
concentrations less than the action level established for dermal contact as confirmed by on-site 
sampling and analysis. 

During the removal action, additional analytical assessment was performed on Furnace Creek 
sediments and banks. The results revealed much more extensive contamination than anticipated. In 
addition, the creek was highly vegetated and any clearing and excavation of these materials had a 
potential for environmental damage. Excavation of all the contaminated materials within and along 
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Furnace Creek was beyond the budgeted ceiling and duration for the planned Removal Action, and 
clean-up of that area was referred to the EPA Remedial Program. 

The BBM site is currently treated as a separate OU of a larger NPL site that includes the mine and the 
creeks immediately adjacent to the mine and tailings piles, a second OU that includes the creeks from 
the confluence of Garoutte Creek and Dennis Creek downstream of the mine to Cottage Grove 
Reservoir, and the Reservoir itself as a third OU. This pathways analysis focuses on mine site OU as 
part of an RI/FS being developed for this portion of the NPL site.  However, site characterization 
efforts do take into account the ongoing impact, if any, from the mine on downstream OUs.  Data from 
these characterization efforts will be used to as part of an analysis of mercury uptake into fish in 
creeks, the Coast Fork and the reservoir.  A complete assessment of this issue will be completed as 
part of the assessment of downstream OUs.  Figure G1 shows the current boundaries of OU1. 

 

Figure G-1. Site Location Map 
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Section 3   
Hazard Assessment 
Mining and processing of mercury ores at BBM resulted in releases of mercury to the environment.  
These releases occurred directly through placement of tailings and waste rock; through mercury air 
emissions while recovering mercury vapors from the kilns; secondarily through erosion of tailings 
into adjacent creeks; and likely through leaching of mercury to groundwater with subsequent 
discharge to creeks.   

Mercury is reported at elevated concentrations in tailings materials, nearby soils and creek sediments 
adjacent to the mine.  Mercury species include both more soluble (oxide) and less soluble forms 
(sulfide), suggesting that at least some fraction of mercury in surface materials will be bioavailable.  In 
XRF samples collected in June 2013, mercury was detected at concentrations ranging from 0.02 to 189 
mg/kg.  In the sediment sampling conducted in March 2013, mercury was detected in Dennis Creek (1 
to 172 mg/kg), Furnace Creek (117 to 199 mg/kg), and Garoutte Creek downstream of the Dennis 
Creek confluence (0.74 to 5.1 mg/kg). In March 2013, mercury was detected in stream water in Dennis 
Creek (6.51 to 98.5 ng/l), Furnace Creek (182 to 7,340 ng/l), and Garoutte Creek (downstream 2.21 to 
20.7 ng/l and upstream 2.78 to 15.2 ng/l).  

Mercury appears to be the primary, if not the only, contaminant of concern for BBM.  However, some 
reported concentrations of arsenic suggest that additional analysis of COI will be needed to identify 
COPC for assessment of human health risks and hazards.   
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Section 4   
Exposure Assessment 
BBM is located in a remote area with difficult access.  Much of the land around the mine is privately 
owned and used for timber growth and harvest.  The  residence is located at the site and other 
residences are located within a 0.5 mile of the site along Garoutte Creek.  The mine site itself is, 
however, not secure and people could access the site for recreational purposes.  Except for the 
possible attraction of an abandoned mine, the site is steep and heavily vegetated in most places and 
does not appear to be a location that would draw recreational visitors frequently.  The  family 
might visit the site on occasion, and it’s possible, in theory, that some mercury contamination was 
released onto the  property. 

Mine operations also resulted in releases of wastes to adjacent surface water (Garoutte, Dennis and 
Furnace Creeks).  At least two transport pathways may have been important for these releases.  First, 
mine tailings eroded and may still erode into the creeks during rain events, and second, groundwater 
contaminated via leaching of tailings may have, and may still be, discharging to creeks.  Elevated 
concentrations of mercury are found in sediment samples taken adjacent to and downgradient of the 
mine.  Creeks may be more attractive for recreation than the BBM site.  The fishery in these small 
creeks near the BBM is likely poor.  Other water-based activities (inner-tubing, wading, paddling) are 
possible, but likely occur mainly downstream of OU1 where flows are greater and water is deeper.  
Creek-side roads, although some are controlled by locked gates, could provide access along creek 
reaches adjacent to and downgradient of the mine site.  

Dennis and Furnace Creeks drain to Garoutte Creek, which joins the Coast Fort of the Willamette River 
and empties into Cottage Grove Reservoir, 6 miles downstream from the mine. Cottage Grove 
Reservoir is a popular place for boating, water-skiing, swimming, camping, and fishing. It attracts 
visitors from the larger Willamette Valley area and beyond.  The reservoir is frequently stocked with 
rainbow trout and supports viable fisheries for this species, other salmonids and a variety of warm 
water species such as bass and blue gill.  The reservoir has no fish ladder and acts as a barrier to 
migration of steelhead and salmon. 

Mercury in tailings, soils and sediment at BBM could pose a hazard to people visiting the site, and to 
members of the  family.  Mercury in sediment and surface water could pose a hazard to 
residents along Garoutte Creek and/or visitors that use creeks for recreational purposes.  However, 
the greatest source for human exposure may be associated with fish taken from affected creeks and 
the reservoir.  Production of methyl mercury in sediments and subsequent bioaccumulation into 
resident fish is typically much more important for human exposure than direct contact with sediment 
and surface water.  Evaluation of fish consumption is not included for OU1 HHRA efforts.  It will be a 
key aspect of subsequent risk assessments for downstream units. 

4.1 Human Receptors 
Land use in the vicinity of the mine site area includes recreational, residential, and industrial uses. 
Land use seems unlikely to change in the foreseeable future.  Overall, the potential for human 
exposure at OU1 is low due to the remote site location, controlled access, and private land ownership.  
However, hazardous substances associated with the mine have the potential to impact human health 
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via exposure during timber harvesting, recreational activities in the vicinity of the mine, residing near 
the mine, and remediation activities. The potential for human exposure likely increases downstream 
of the site.  Possible exposure pathways are discussed further below. 

4.1.1 OU1 – Mine 
4.1.1.1 Residents 
The residence at the entrance to the mine site area is the closest residence.  Other homes occur 
within a 0.5 mile of the site along Garoutte Creek.  The have lived in their house for over 30 
years, and get their water from a spring in Furnace Creek upstream from the mercury tailings (see 
Figure G1).  Water samples were collected from this source to ensure that their water supply is not 
impacted former mining activity. Data are not yet available. Every spring, a family member goes up to 
do maintenance work on the spring. 

Residents apparently do not regularly access the mine site, but aerial deposition of mercury released 
from kiln(s) could have settled onto surface soils, and they may be exposed to mercury and/or other 
site contaminants through direct contact (dermal and ingestion) and inhalation of dust.  

Historical anecdotal accounts also suggest that mine tailings may have been used as fill for roadbeds, 
private driveways, and other residential uses (EHAP 2010).  Such use is not uncommon near mines 
where wastes are readily available and appear to provide a free source of fill. 

In theory, flooding could have also deposited contaminated sediments onto soils farther down in the 
flood plain.  If the residents cultivate a home garden, uptake of chemicals from the soil into crops and 
subsequent consumption is also a possible risk. However, at OU1, the site is in a fairly deeply incised 
valley and gets limited sunlight so it is not conducive for gardens. In any case, no vegetable gardens 
were observed during the visit to the site conducted in September 2013.   

Residents may also be more likely to engage in nearby regional recreational activities in creeks 
downstream of the site more often than non-residents and thus have a higher exposure frequency 
through dermal contact and ingestion of sediment and surface water as well as ingestion of fish caught 
in surface water bodies in the mine vicinity (more likely at Cottage Grove Reservoir than in the creeks, 
where fishing may not be as productive). 

Current data do not allow quantitative assessment of mine impacts to residential properties nearest 
the former mine site.  Thus, direct contact pathways for soil are retained preliminarily pending 
additional site characterization.  Except for the residence, impacts to residents may be 
evaluated separately when downstream OUs are investigated. 

4.1.1.2 Recreational Users 
Although the mine site itself is not fenced, locked gates discourage the casual visitor from easy access 
to the old mine works and main tailings. Moreover, the site is unmarked and is essentially invisible 
from roads.  A visitor is unlikely to “stumble” onto the site. In addition, most of the site is steep and 
heavily vegetated and probably does not attract recreational visitors.  Some people may purposely 
seek out the site to see the abandoned mine structures, but are unlikely to do so on a regular basis 
over several years.  Finally, wastes/tailings areas are mostly covered with a heavy “forest” of scotch 
broom, with interspersed blackberry vines.  Penetrating into this heavy vegetation is difficult and 
unproductive.  That is, nothing of note is to be found within these areas.  
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Due to the rough terrain, and lack of items of interest for a small child, residential visitors are likely 
limited to teens and adults.   Even so, recreational visitors would find more interesting attractions 
nearby and regionally, such as at the creeks and the Coast Fork, Cottage Grove Reservoir and along 
maintained trails and roads. Recreational users on the mine site itself thus may be limited to hunters 
that occasionally come near the tailings and furnace areas. Extremely heavy vegetation, the thick 
stands of scotch broom, difficult access and a steeply incised valley all suggest that hunters are not 
likely to consider the area prime for hunting. Again, many other resources are both more attractive 
and readily available locally and regionally. Recreational visits, if they occur, would mostly be seasonal 
avoiding the rainy season from October to April. 

Overall, the site is not attractive for recreational activities, and recreational visitors are not likely to be 
frequently exposed to mine wastes at the site. Nearby residents may frequent the site more often, 
simply due to proximity.  However, little or no evidence of such activity – bottles, cans or other waste, 
trampled vegetation, ATV tracks – was observed on a visit to the site.  It’s possible that risks at the 
mine site may be primarily associated with localized impacts to ecological receptors.  Exposure and 
risk for recreational visitors is likely to be primarily an issue for downstream units. Initially, 
recreational visitors to the site are retained in the CSM, but may be evaluated qualitatively only based 
on results from additional site characterization currently being finalized. 

4.1.1.3 Workers - Industrial/Remedial 
In recent years, access to the mine site itself has been limited to EPA and DEQ personnel performing 
assessment and cleanup work at the site, and to loggers.  According to the current resident (EHAP 
2010), loggers usually avoid the area with the tailings and furnaces, preferring the more heavily 
wooded areas of the property.  Tailings and furnace areas have little if any harvestable timber, 
supporting this observation.  Moreover, logging in a single area over several years will not occur.  Once 
logged, in a periods of a few days to a few weeks, re-growth of timber requires many years.  In some 
cases, crews of tree planters will follow logging to speed re-establishment of forest.  Any exposure for 
these crews will be short-term (e.g. no more than few days).  Thus, direct contact with waste/tailings 
by workers at the site will, at worst, occur over a short-time period (days) in a single event. 

Workers involved in remediation/clean-up may be exposed to both surface and subsurface soil 
during, for example, waste removal activities.  These workers may have the greatest exposure 
potential for any population accessing the site.  Remediation work might go on for many weeks and 
may be spread over more than one year to avoid the long rainy season in the Willamette valley. 
However, such workers will be fully trained to avoid contamination and will have access to personal 
protective equipment (PPE) when necessary. Further, a health and safety plan will be developed for 
any and all remediation work to help ensure worker protection. Training and PPE obviate the need to 
consider these workers in the HHRA for the mine site. 

4.1.2 Creeks and the Coast Fork OU (boundary of mine site OU to Cottage 
Grove Reservoir) 
4.1.2.1 Residents 
Homes are located along Garoutte Creek downstream of the mine site within ½ mile of current 
investigation boundary for the mine site OU.  These homes are rural and not part of a specific 
community.  The nearest well to the mine site is 0.5 miles from the large mine tailings area and likely 
serves a residence near the mine site.  
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The closest community to the mine is the unincorporated village of London, which situated along 
Coast Fork Willamette River upstream from Cottage Grove Reservoir.  The community is 
approximately 11 miles south-southwest of the city of Cottage Grove. According to the 2010 PHA 
(EHAP 2010), London has a grange hall, a church, a store, and a school that serves 100 students from 
grades kindergarten through 8th grade. They also have a community water cooperative that provides 
public drinking water to approximately 50 homes in the area. Since the cooperative is regulated by the 
Oregon Drinking Water Program, it is periodically sampled. Results in 2010 indicated that the water 
from the cooperative is safe (EHAP 2010). According to the 1999 site visit (EPA Start, 1999), 
approximately 64 domestic water wells are located within 4 miles of the mine site; most lie within the 
floodplain of Garoutte Creek and the Coast Fork of Willamette River.  Since information regarding the 
community water cooperative is from a different report, it is not clear whether some of these 64 wells 
comprise the all or part of the well field for the community water cooperative. 

As mentioned above, site-related contaminants could affect groundwater via leaching from mine 
wastes and soil. Groundwater might carry contaminants downstream in the alluvium or may 
discharge to surface water.  Preliminary groundwater investigations suggest that this transport 
pathway is complete.  Contaminated groundwater could be used directly for drinking water or directly 
or indirectly via surface water for irrigation of home grown vegetables; however, no such use occurs 
at the mine site.  As previously described, the  residence obtains water from an upgradient 
spring, not shallow groundwater.  No data are currently available to address this exposure pathway 
downstream of OU1. 

Downstream of the mine site, groundwater from the alluvium may be used and, in theory, water may 
be drawn from creeks or the Coast Fork Willamette River for irrigation.  At least one well is located 
within 0.5 miles and downgradient from the mine.  Water quality for this well is not known and is not 
being investigated as part of the effort to complete the RI/FS for the mine site OU.  The issue of potable 
use of contaminated groundwater will be addressed when the creeks and Coast Fork OU is evaluated. 

As mentioned in the discussion of mine site OU residents, historical anecdotal accounts indicated that 
mine tailings may have been hauled off-site and used as fill for roadbeds, private driveways, and other 
residential uses.  Being the closest community to the mine, many elder members of the London 
community either worked at the mine or had friends or relatives that did. The properties in London 
are the most likely the properties that used the tailings from Black Butte Mine, if such use actually 
occurred to a significant extent. 

Exposure for residents in the creeks and Coast Fork OU could include direct contact (dermal and 
ingestion) and inhalation of dust with site contaminants on the surface soil from either aerial 
deposition of mercury released from kiln or mine tailings may have been used as fill for roadbeds, 
private driveways, and other residential uses.  Evaluation of these residents is outside the scope of the 
HHRA for the mine site.  However, some information on levels of contamination in wastes used as fill 
and, hence, on possible risks to residents exposed on a regular basis to these materials, will be 
included in the mine site HHRA.   

4.1.2.2 Recreational Users 
According to the report from the 1999 site visit (EPA, 1999), sport fishing occurs in Garoutte Creek, 
the Coast Fork of the Willamette River, and Cottage Grove Reservoir; and Garoutte Creek is a spawning 
and migration area for cutthroat trout. Evidence of access to Garoutte Creek and the Coast Fork were 
observed on a second site visit (CDM Smith 2013).  Several well-traveled trails leading from roads to 
the water were found and banks of the river showed signs of access (e.g., foot prints, cans, and paper 
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waste) and of fishing (e.g., abandoned fishing tackle such as monofilament line and jars that held bait).  
Since creeks and the Coast Fork will be assessed in a separate effort, recreational anglers will not be 
evaluated as part of the mine site OU. 

4.1.3 Reservoir – OU 
4.1.3.1 Residents 
Cottage Grove is the closest incorporated city to the mine site. It is a much larger community than 
London and had a reported population of 9,187 in July 2009 (EHAP 2010). Reservoir OU residents 
would have the same exposure pathways as for creeks and the Coast Fork OU residents: direct contact 
(dermal and ingestion) and inhalation of dust with site contaminants on the surface soil from either 
aerial deposition of mercury released from kiln or mine tailings may have been used as fill for 
roadbeds, private driveways, and other residential uses; dermal contact and ingestion of sediment and 
surface water from recreational activities; ingestion of surface water1 used as drinking water; 
ingestion of home grown vegetables irrigated with contaminated groundwater or surface water and 
grown in contaminated fill; and ingestion of fish caught in Cottage Grove Reservoir. 

4.1.3.2 Recreational Users 
As mentioned previously, Cottage Grove Reservoir is a popular place for boating, water-skiing, 
swimming, camping, and fishing and attracts visitors from the larger Willamette Valley area. In 
addition to its self-sustaining populations of largemouth bass, smallmouth bass, catfish, bullhead, 
crappie, bluegill, whitefish, yellow perch, and cutthroat trout, it is also stocked by the Oregon 
Department of Fish and Wildlife (ODFW) with rainbow trout.  The reservoir has been and is a 
collection point for wastes from the mine transported by the creeks and the Coast Fork and a fish 
advisory is currently posted due to mercury found in fish tissue. 

On an ongoing basis, surface water in Cottage Grove Reservoir could potentially be affected by runoff 
carrying wastes from the mine site as well as ongoing releases of mercury and other contaminants in 
groundwater that discharge to the creek.  Other mining activity in the watershed above the reservoir 
might also be a source of ongoing releases of wastes and, indeed, may have historically contributed 
substantial waste to sediments in the reservoir.  Source identification may play a key role in assessing 
site-related risks for people using the reservoir for recreation.   

A separate HHRA will be prepared to address exposures in the reservoir.  Direct contact with 
contaminated sediment and ingestion of fish taken from the reservoir, in particular fish that have 
established self-sustaining populations, will be the target for evaluation of exposure via this pathway. 
Stocked rainbow trout are taken quickly by anglers and have little time to accumulate mercury in their 
tissues.  Recreational visits would mostly be seasonal, avoiding both the rainy season from October to 
April and the drawdown of the reservoir in September.  Seasonal activity will help establish 
appropriate exposure parameters for the reservoir OU. 

1 According to the Drinking Water Quality Report 2012 Consumer Confidence Report for the City of Cottage 
Grove, the public water system of Cottage Grove currently serves approximately 9,770 citizens and derives its 
water from Cottage Grove’s drinking water supply comes from surface water through an intake facility located 
on the Row River, within the Coast Fork Willamette Sub-Basin of the Willamette Basin. 
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4.2 Exposure Pathways 
For the Conceptual Site Model (CSM), a complete exposure pathway consists of the following four 
elements: 

 A source and mechanism of release of chemicals to the environment 

 A transport mechanism for movement of chemicals to a point of human contact (exposure 
point) 

 An exposure point (the point of potential contact between receptor and medium) 

 An exposure route (e.g., inhalation, ingestion, dermal contact) 

If one or more of these elements are missing, the pathway is incomplete. In risk assessments, 
incomplete pathways are not quantitatively evaluated. Possibly complete pathways that are unlikely 
to contribute significantly to overall exposure may not be quantitatively evaluated, unless a 
compelling issue requires such evaluation.  Example issues might be high community concern or 
possible exposure for a large population. A preliminary analysis of exposure pathways is included to 
identify complete and significant exposure pathways for OU1 that may be important for risk 
management decisions.   In some cases, however, available data are not sufficient to complete the CSM.  
In such cases, exposure pathways are retained and the CSM used to guide data collection to allow 
appropriate evaluation. 

Sources of contamination, mechanisms of contaminant release from sources, and subsequent 
transport of contaminants through the environment are examined in this section to identify 
contaminated media at the site. Exposure pathways based on this analysis are discussed in subsequent 
sections. 

4.2.1 Media and Receptors of Concern 
The overall scope of the analysis is graphically illustrated in the CSM (Figure G2) which highlights 
pathways that are currently assumed to be complete and significant for OU1. The CSM, however, 
includes theoretically feasible pathways and provides a road map for evaluating health impacts for the 
mine site.  

As illustrated in the CSM, the following populations warrant further quantitative or qualitative 
evaluation: 

 Current and future industrial – Industrial workers might include loggers and tree planters. 

 Current and future recreational visitors (adult and teenager) – Occasional visitors to the 
mine structures and hunters appear to be the most likely visitors.  

 Current and future residents (adult and child) – The current residence is the only possible 
exposure location for residential land use (  residence).  The outlook for additional 
residential development is poor due to private ownership of the property and much of the 
surrounding areas by logging companies, relative isolation from communities and jobs, and 
lack of evidence of substantial new construction currently and over the last few decades.  
Thus, a current exposure scenario would assume a new family at the current  
residence. 
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Exposure routes for these receptors include ingestion of, dermal contact with, and/or inhalation of 
contaminated media. Pathways of exposure may involve: 

 direct contact with source materials (e.g., ingestion, dermal contact, and inhalation) with 
contaminants in tailings/soil, and  

 indirect contact with wastes transported to surface water, sediments and groundwater 

 ingestion of and dermal contact with contaminants in surface water and/or sediments 

Pathways of exposure that will not be evaluated as part of the HHRA for the mine site OU, but will be 
considered as part future HHRAs for the creeks and Coast Fork OU or the reservoir OU include: 

 ingestion of fish collected from Garoutte Creek adjacent to the site and downstream 

 ingestion of vegetation grown in soil mixed with tailings and/or irrigated with contaminated 
surface water/groundwater 

 ingestion of and dermal contact with contaminants in groundwater 
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Figure G2. Human Health Risk CSM Schematic 
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No current or future complete exposure pathway is anticipated for groundwater at the mine site 
(OU1).  Within and downstream of the mine site, the 2010 Public Health Assessment reported that the 
EPA sampled groundwater from some private wells in the London area including two springs and a 
well on the mine site as part of the 1998 site inspection. To clarify, these identified on-site springs and 
the well (Well 9) are not being used for potable supply.  The results summarized on Table G1 are 
compared with residential screening levels and MCLs. Figure G3 shows the locations of the 
groundwater well and the springs. As shown in the table, mercury was not detected in the three 
groundwater samples and was not identified as a contaminant of potential concern in the 2010 Public 
Health Assessment. 

Table G1 1998 Site Inspection Report Groundwater Samples within the former Black Butte Mine Site 

Chemical (ppb) Tapwater  
RSL MCL Spring 1 Spring 2 Well 9 

Aluminum 1,600 501 38 126 74 
Arsenic 0.045 10 2.7 3.5 39.9 
Barium 290 2,000 12.2 12.6 380 
Calcium   11,700 11,800 32,100 
Chromium 0.031 100 ND 11 ND 
Copper 62 1,300 ND ND ND 
Iron* 1,100 3001 182 311 25,400 
Lead  15 0.99 0.16 3.69 
Magnesium   2,730 2,730 7,970 
Manganese 32 501 20.1 26.1 86.7 
Mercury 0.063 2 ND ND ND 
Nickel 30  ND ND ND 
Potassium   ND ND 1,500 
Selenium 7.8 50 ND ND ND 
Silver 7.1 1001 ND ND 0.048 
Sodium   4,770 4,800 27,000 

Zinc 470 5,0001 91.2 11 206 

Notes:  
1-Secondary Standard(National Primary Drinking Water Regulations, http://water.epa.gov/drink/contaminants/index.cfm#List) 
2-Values in bold are greater than the RSL or MCL. Values in italics are greater than the secondary standard. 
RSL –USEPA Regional Screening Level, November 2013 
MCL –Maximum Contaminant Level (National Primary Drinking Water Regulations,  
http://water.epa.gov/drink/contaminants/index.cfm#List ) 
Source: 2010 Public Health Assessment (EHAP 2010). 
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Figure G3. Oregon Health Department Groundwater Sampling Location
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4.2.2 Exposure Parameters 
Exposure parameters proposed for the HHRA to calculate chronic daily intake for all receptors are 
summarized in Table G2.  Exposure parameters are based on professional judgment, parameters used 
in the 2010 Public Health Assessment (EHAP 2010), EPA Supplemental Guidance for Developing Soil 
Screening Levels for Superfund Sites, and Risk Assessment Guidance for Superfund Volume 1: Human 
Health Evaluation Manual (Part A and Part E, Supplemental Guidance for Dermal Risk Assessment).   
For the most part, parameter values were selected to be consistent with the 2010 Public Health 
Assessment. 

Table G2 Proposed Exposures Parameters for the HHRA 
 Receptors 

 Resident Recreational Visitor Worker 

Exposure Pathway Adult 
Child 

(Age 1-6) Adult 
Teen 

(Age 12-17) 
Logger/Tree 

Planter 
Exposure Frequency soil ingestion (days/yr) 3504 3503 523 523 1303 
Exposure Frequency soil dermal contact 
(days/yr) 1544 1543 523 523 1303 

Exposure Frequency water ingestion 
(days/yr) 3503 3503 NE NE NE 

Exposure Duration (years) 301 64 301 64 13 

Exposure Time (hrs/day) 244 244 124 124 104 

Exposed Skin Area for soil contact (cm2/day) 5,8852 2, 5502 5,8852 4,8302 5,8852 
Soil Adherence Factor (mg/cm2/day) 0.062 0.1852 0.062 0.062 0.382 

Soil Ingestion Rate (mg/day) 502 2002 502 1002 3305 
Water Ingestion Rate (L/day) 32 12 NE NE NE 
Body Weight (kg) 802 14.62 802 56.8--2 802 
Averaging Time - Non-cancer (days) 10,9501 2,1901 10,9501 2,1901 3651 
Averaging Time - Cancer (days) 25,5501 25,5501 25,5501 25,5501 25,5501 
Notes:  
NE = no exposure 
1 U.S. Environmental Protection Agency, Office of Emergency and Remedial Response, Risk Assessment Guidance for Superfund, Volume I 

- Human Health Evaluation Manual, Part A, USEPA/540/1-89/002, 1989. 
2 EPA 2011. Exposure Factors Handbook. Available at: http://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=236252 
3 Oregon Health Authority Environmental Health Assessment Program. Public Health Assessment – Black Butte Mine, Cottage Grove, 

Oregon (EPA FACILITY ID: OR0000515759). December 23, 2010. 
4 Professional judgment. 
5 EPA 2002. Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24. December. 
 

4.2.2.1 Exposure Time 
For exposure time, the following assumptions were made.  Workers are proposed to be exposed 10 
hours per day. Recreational visitors (e.g. to parks or other recreational areas) are proposed to be 
exposed 12 hours a day.  Residents are proposed to be exposed 24 hours a day.   
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4.2.2.2 Exposure Frequency 
Exposure frequency varied based on the media being considered. For ingestion of water in the well, 
residents are proposed to be exposed 350 days per year. Workers and recreational visitors are 
proposed to have no exposure through this pathway.  

For ingestion of soil, residents are proposed to be exposed 350 days per year and recreational visitors 
are proposed to be exposed 52 days per year (2 days per week for 26 weeks from May through 
October). Workers are proposed to be exposed 130 days per year (5 days per week for 26 weeks from 
May through October). For dermal contact with soil, residents are proposed to be exposed 154 days 
per year (5 days per week for 26 weeks from May through October and 4 days per month for 
November through April) and recreational visitors are proposed to be exposed 52 days per year. 
Workers are proposed to be exposed 130 days per year. 

Select exposure frequency values were taken directly from Oregon Health Authority Environmental 
Health Assessment Program and will need discussion between EPA and CDM Smith before finalizing.  
The health authority considered weather as a factor in describing soil contact, and assumed more 
intimate contact for children than adults.  Often contact rates are used to reflect differences between 
child and adult behavior. 

4.2.2.3 Exposure Duration 
Exposure duration for adult residents is assumed to be 30 years (U.S. EPA 1991, 1997) when 
estimating exposure to carcinogens. According to U.S. EPA (1997), this value is about the 90th 
percentile for time spent at one residence and is consistent with US EPA (1989) guidance. 

Exposure duration for estimating chronic non-cancer hazards is proposed to be 6 years and applies 
only to children. Exposures to non-carcinogens are averaged only over the duration of exposure and 
are proportional to daily exposure.  

Exposure duration for workers is proposed to be 1 year as logging and tree planting activities are 
assumed to only take about 5 to 6 months to complete. This time estimate likely overestimates the 
time it would take to log and replant the site by a substantial margin. 

4.2.2.4 Water Ingestion Rate 
Water ingestion rates are proposed to be 3 liters/day for an adult resident and 1 liter per day for a 
child resident.  These rates are consistent with US EPA (2011) guidance for drinking water. However, 
use of groundwater and surface water as drinking water is not anticipated at this time.  Thus, no 
quantitative analysis of drinking water exposure may be necessary. 

Likewise, evaluation of incidental ingestion of surface water may not be an important source of 
exposure since use of the creeks for recreation appears to occur mainly downstream of the mine site.  
Thus, incidental water ingestion rates are not proposed; no default value exists for wading in surface 
water too shallow for total immersion. If incidental ingestion of surface water is to be examined 
quantitatively at the mine site, an appropriate ingestion rate for shallow streams will need to be 
discussed.   

4.2.2.5 Soil Ingestion Rate 
Adult resident and recreational visitor ingestion of soil is proposed to be 100 milligrams per day 
(mg/day).  Child resident and teen recreational visitor ingestion of soil is proposed to be 200 and 100 
mg/day, respectively.  These values are consistent with US EPA (2011).   
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Workers are proposed to have greater contact with the soil, so their soil ingestion rate is assumed to 
be 330 mg/day, which is consistent with the soil ingestion rate for construction workers (EPA 2002). 

4.2.2.6 Exposed Skin Area 
Exposed skin areas for contact with soil were obtained from EPA guidance (2011). An exposed skin 
area of 5,885 cm2/day (head, arms, and hands for greater than 21-year olds) is proposed for the adult 
resident, worker, and recreational visitor.  The teen recreational visitor is proposed to have head, 
arms, and hands as exposed skin area (4,830 cm2/day), and the child resident is proposed to have 
head, arms, and hands as exposed skin area (2,550 cm2/day). 

These values are proposed for possible exposure at the mine site where surface water exposure, if it 
occurs, would not involve swimming, inner tubing and other such activities because of small stream 
volumes.   Skin surface area will be revisited when addressing exposure downstream of the mine and 
in the reservoir. 

4.2.2.7 Body Weight 
In accordance with U.S. EPA guidance (1989), the value for body weight is the average weight of the 
receptor over the exposure period. For estimating potential exposures to the adult resident and 
worker, a body weight of 80 kg is proposed as recommended by U.S. EPA (2011). 

Body weights for the child resident and teen recreational visitor are from EPA guidance. The child 
resident (1 to 6 years of age) is proposed to have a body weight of 14.6 kg (50th percentile), and the 
teen recreational visitor (11 to 16 years of age) is proposed to have a body weight of 56.8 kg (EPA 
2011). 

4.2.2.8 Soil Adherence Factor 
Soil adherence factors were also obtained from EPA guidance. A factor of 0.06 mg/cm2-day (average 
value for adherence to face, arms, hands, and legs while engaging in activities in soil) is proposed for 
the adult resident, and the adult and teen recreational visitors. The soil adherence factor for children 
is higher at of 0.185 mg/cm2-day (average value for adherence to hands and feet while engaging in 
activities in soil) because they tend to retain soil on their skin after coming indoors. For workers, a 
factor of 0.3 mg/cm2-day is proposed, which is consistent with the soil adherence rate for construction 
workers (EPA 2002).   

4.2.2.9 Averaging Time 
Consistent with U.S. EPA guidance (EPA 1989), averaging time for the assessment of chronic non-
carcinogenic effects is equal to the exposure duration times 365 days per year. Carcinogenic 
exposures are averaged (amortized) over a lifetime; thus, averaging time is the number of days in a 
70-year lifetime, or 25,550 days.  For inhalation exposure, the averaging time is converted into hours 
by multiplying by 24 hours per day (EPA 2009). 
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Section 5   
Toxicity Assessment 
Toxicity assessment (also referred to as dose-response assessment) examines the potential for a 
chemical to cause adverse health effects in exposed individuals. Potential adverse effects from 
exposure to chemicals include both carcinogenic and non-carcinogenic health effects. It also presents 
the relationship between magnitude of exposure and potential adverse effects. Toxicity values that can 
be used to estimate the likelihood of adverse effects occurring in humans at different exposure levels 
are identified as part of the dose-response task within the risk assessment process. 

Although site data collected in 2013 will be screened in the HHRA for the identification of chemicals of 
potential concern (COPC), based on past history of the site, mercury is a site COPC. Toxicity criteria 
proposed for the HHRA for various mercury species are presented in Table G3.  Subchronic toxicity 
values for the subchronic exposure of the workers will be addressed during the risk assessment.  

Table G3 Toxicity Criteria 

Chemical 
EPA Oral Cancer 

Slope Factor 
[(mg/kg/day)-1] 

EPA 
Inhalation 

Cancer Slope 
Factor 

[(mg/m3)-1] 

Tumor Site Cancer Classification2 

Mercury, 
elemental NA NA NA D 

Methyl mercury NA NA NA C 
Mercuric 
chloride NA NA NA C 

Chemical 
EPA Chronic 

Oral RfD 
(mg/kg-day)1 

EPA Chronic 
Oral RfC 
(mg/m3) 

Target Organ Uncertainty Factor 

Oral Inhalation Oral Inhalation 

Mercury, 
elemental NA 3E-04 NA 

Hand tremor, 
increases in 

memory 
disturbance; slight 

subjective and 
objective evidence 

of autonomic 
dysfunction 

NA 30 

Methyl mercury 1E-04 NA 
Developmental 

neuropsychological 
impairment 

NA 10 NA 

Mercuric 
chloride 3E-04 NA Autoimmune 

effects NA 1000 NA 

Notes:  
NA = Not Available 
1 Values obtained from the U.S. EPA Integrated Risk Information System (IRIS), 2013 
2 Cancer Classifications:  C = possible human carcinogen; D = not classifiable as to human carcinogenicity 

In the 2010 PHA, an oral bioavailability factor of 0.11 was used for mercury. This value was derived 
from percent of total Hg in water-soluble + stomach acid soluble fractions of high-concentration total 
mercury sample from Old Furnace area (Oregon Department of Environmental Quality (ODEQ), 2003).  
This value is proposed for initial consideration for evaluation of GI uptake of mercury in site wastes 
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and soils.  If more sequential extraction data are available following completion of the RI activities, a 
range of bioavailability estimates based on samples outside of the main Furnace Creek tailings will be 
examined.   

The 2010 PHA also used a mercury dermal absorption factor of 0.01 from ODEQ HHRA Guidance 
(1998). To maintain consistency with previous HHRA, this factor is proposed for use in the HHRA. 

5.1 Uncertainties and Data Needs 
Uncertainties are present in all facets of human health risk assessment.  At this stage in the process, 
uncertainties cannot be fully identified and addressed since not all data and other information has 
been made available or has not been fully evaluated.  Thus, uncertainties list here are not 
comprehensive, and include several issues that await further data.  The list of uncertainties should be 
viewed as preliminary, and will be updated during the development of the risk assessment and in 
consultation with EPA. 

Uncertainties can be associated with assumptions, models, and extrapolations necessary in the risk 
assessment process. If uncertainties are identified early enough, such as during this pathway analysis, 
additional data can be collected in order to reduce the impact of these uncertainties on the findings of 
the risk assessment. Below is a summary of uncertainties that have been identified for this risk 
analysis. Some uncertainties involve data gaps that can be addressed with the collection of additional 
media (e.g., sediment, soil, surface water, fish tissue, etc.) samples while others may prompt 
discussions with the site owner (e.g., future land use) and EPA’s risk assessors (e.g., identification of 
exposure units) for clarifications and guidance. 

5.1.1 Uncertainties Associated with Screening COPCs for the Mine Site 
Since site investigation activities began in 1999, site characterization at the site has been focused on 
the nature and extent of contamination by inorganic constituents based on the site’s history as a mine.  
No efforts have been made to assess media for other potential COPC (e.g., organic chemicals).  

Since the site was previously an active mine, petroleum hydrocarbons may also be present in site 
media. However, historic concentrations of mercury and arsenic at the site indicate that inorganic 
compounds are likely to be the risk drivers at the site. Potential risks from petroleum hydrocarbons 
would likely be less significant, or negligible. 

5.1.2 Uncertainties Associated with Establishing Background Levels  
In the Final Removal Action Report for BBM (EPA 2008), action levels for water and sediment quality 
and were established based on background levels.  The report identified the following background 
sediment levels: 

 Furnace Creek - background concentration of 1.7 mg/kg. 

 Dennis Creek - background concentration of 7 mg/kg 

 Garoutte Creek - background concentration of 0.45 mg/kg 

In addition, because mercury concentrations were naturally elevated in area creeks, concentrations of 
three times background were calculated for Furnace Creek, Dennis Creek, and Garoutte Creek 
sediments in the removal assessment (Ecology & Environment 2006) to determine action levels for 
the creeks and areas where sediment could move into the creeks. 
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In 2013, CDM Smith collected additional background samples. These samples will be combined with 
previous background samples to determine background levels for consideration in assessing risks in 
the HHRA. 

5.1.3 Uncertainties Associated with Land Use 
The mine site and immediate surrounds are currently owned by a forest timber company. For the 
purposes of this HRRA, it has been assumed that the future use of the property will remain the same as 
its current use.   

According to Lane County zoning maps (accessed online January 8, 2013), the site and surrounds have 
been zoned as non-impacted forest, impacted forest, rural residential (10 acre minimum), and 
exclusive farm use (40 acre minimum). The Lane County Rural Comprehensive Plan (June 2009) 
designates this area as forest, agricultural and residential. Therefore, it is possible that the land could 
be developed to support agricultural use or a residential development. If the land use of the property 
were to change to support either of these uses, then the HHRA will need to be amended to address 
these exposure scenarios.    

5.1.4 Uncertainties Associated with Exposure Parameters 
Exposure frequencies for residents, workers, and visitors were adapted from those used by the 
Oregon Health Authority Environmental Health Assessment Program in the 2010 PHA. The health 
authority considered weather as a factor in describing soil contact. In addition, exposure durations 
and times were estimated using professional judgment. As these parameters and others still require 
discussion between EPA and CDM Smith before finalizing, the potential impact of these parameters on 
the risk assessment will have to be assessed when the evaluation is complete.   

5.1.5 Other Uncertainties 
Additional uncertainties were identified during the development of this risk plan that may be resolved 
during the ongoing field work pending results. These issues will be discussed in the HHRA after the 
data collected from the recent field work are assimilated. Issues include, but are not limited to: 

 Exposure units - In the 2008 Final Removal Action Report, different action levels were defined 
for the various areas – Main Tailings Pile, Old Ore Furnace Area, and New Furnace Area. These 
delineations imply that there may be distinct areas where concentrations are anticipated to be 
higher due to background levels. Thus, separating the site into different exposure units for the 
HHRA may be reasonable. This issue will be assessed when all of the data are available and 
background data can be reviewed. 

 Soil at the residence - Previously, soil samples collected closest to the  residence 
were 150 feet to the north during the installation of MW-3. Soil samples collected closer to the 
residence would be more representative of residential soil exposure. CDM Smith is planning on 
taking additional surface soil samples closer to the residence later this year to address this 
issue.  

 Filtered and unfiltered water samples – Both filtered and unfiltered surface water and 
groundwater sample results are desirable for evaluation of dermal contact and ingestion 
exposure pathways. Collection of this data is under consideration in the current field work.  
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 Mercury speciation/bioavailability for tailings, soil, and sediment – The 2010 PHA indicated 
that mercury speciation was evaluated by the Oregon Department of Environmental Quality 
(2003). CDM Smith would like to review this document to see whether the samples evaluated 
were limited only to soil or if the analyses included tailings and sediment.  A review of this 
document may also determine whether the existing mercury speciation data are sufficient or if 
verification with more recent sampling is recommended. 
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Memorandum 
 
To: Rich Muza 
 
From: Scott Coffey 
 
Date: 2 May 2014 
 
Subject: Response to Comments on Draft Black Butte Mine OU1 Data Summary Report 
 

The purpose of this memorandum is to provide responses to the EPA comments on the Draft Black 
Butte Mine OU1 Data Summary Report. 

General Comments 
Comment 1 Overall, the document is well-written and is very informative about Hg dynamics at the 

site.  Lots of good information in the text.  In my comments below, I don’t highlight the 
things that I think were good, just the negative comments, but suffice it to say, I thought 
much of the analysis and discussion in the document was very well done.  

 
Response Thanks! 
 
Comment 2 The work that was done looking at storm flow Hg transport and the continuous discharge 

measurements have been critical in shifting our conceptual site model on the importance 
of Furnace Creek (responsible for only 24% of the load to Garoutte Creek alone…and a 
lower % to the lake itself).   A fairly significant paradigm shift; great to have uncovered 
this so early into the project.  That said, given the much smaller discharge of Dennis and 
Furnace compared to Garoutte, its impressive that these streams contribute over a 1/3rd of 
the Hg load to the creek, but contribute only ~8% of the water volume.   Though important 
to always keep in mind the conclusions of Curtis et al., (2013) that found that infrequent 
but large precipitation events are responsible for most of the Hg load being transported 
from the mine site to the reservoir.  The field sampling campaigns will never be able to 
capture such an event…even if the timing was right, it probably wouldn’t be safe to be 
collecting water from streams.  So, our dataset will probably always be biased towards 
underestimating the long term loading potential from the mine site to the 
reservoir….which is fine as long as we acknowledge the importance of rare, but large, 
precipitation events in our understanding of the site. 

 
Response We concur that the single storm event summarized here will not capture the impact of 

larger events. While the conclusions of Curtis et al, (2013) show impact from two major 
precipitation events, it should be noted that one of the evaluated events involved the 
blowout of the tailings damn at the Black Butte Mine site. Such an event is not expected 
to occur again as there no longer exists a tailings impoundment damn at the site. The 
incorporation of the Fall 2013 and Spring 2014 events will greatly improve the accuracy 
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of the predicted load sourced from the mine site, however the potential for an event 
larger than what was captured in 2013 and 2014 may indeed bias this assessment low.  

 
Specific Comments Organized by Line Number from the Body of the Report 
 

Comment 1 Section 4.1.3, Paragraph 3. What happens to the correlation coefficient if the one high 
concentration removed?  Is there still a significant relationship?  Seems like that one high 
data point exerts too much weight on the regression analysis.   

 
Response When the high concentration data point is removed from Figure 4.1-1, the r2 value 

decreases to 0.54, but the slope of the regression line improves to 1.03. This text will be 
modified to discuss the effects of the high concentration data point on the results of the 
regression analysis. 

 
Comment 2 Section 4.2.2.1, Paragraph 1. Regarding: Aromatic DOC can bind strongly with organic 

matter.  Isn’t DOC a type of organic matter?  A bit confused by this sentence…is it supposed 
to say that Hg can bind strongly with organic matter? 

 
Response The sentence “Aromatic DOC can bind strongly with organic matter” was lost in translation 

during an edit and became a nonsensical sentence. It was intended to follow up from the 
previous sentence and state “Aromatic DOC absorbs UV254 more significantly than other 
organic matter.” This will be changed in the text.  

 
Comment 3 Section 4.2.2.1, Paragraph 1.  Not sure I agree with “If that inorganic mercury is bound 

to aromatic DOC, then that conversion can be prevented.”  The role of DOC in Hg 
methylation is very complex—recent work by Graham et al 2012 (ES&T) found that DOC 
enhances inorganic Hg uptake for methylation. The work of Gorski et al. (2008) (cited in 
the report) looks at DOC preventing uptake of Hg and MeHg into the base of the food-web 
(plankton/algae) and does not look at DOC impacts on the formation of MeHg directly.  

 
Response The components of this section that discuss the role of aromatic DOC will be adjusted in 

the final report, and will be discussed in more detail in the future OU1 Remedial 
Investigation (RI) report. We concur that the concept of methylation inhibition is 
presented too strongly here, and is in need of more investigation before conclusions on 
aromatic DOCs role in environmentally significant mercury methylation in various 
conditions. In Ravichandran (2004), a review of literature is presented that suggests 
that Hg(II) complexation with DOC can potentially prevent the passive uptake of Hg(II) 
into methylating bacteria. When the findings of Ravichandran (2004) are coupled with 
the observation that aromatic DOC creates a stronger complex with Hg(II) than non-
aromatic DOC (Weishaar et al. 2003), it follows that in certain conditions, methylation 
could potentially be inhibited. However, it is agreed that the role of DOC in Hg 
methylation is complex, and the Graham et al. (2012) paper is an interesting look into an 
example where DOC can enhance the methylation of nanoparticles of metacinnabar. In 
environments were sulfate is limited, SRB utilize DOC more than in conditions of high 
sulfate availability and thusly increase the potential for methylation. Also, as caveated in 
the final paragraph of the SUVA section, Hg(II) can be sequestered by sulfide from DOC 
in reducing environments.  
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CE Response:   Issues surrounding the bioavailability of inorganic Hg to methylating microbes is a 

complex and evolving science. Just last week a new paper was published that calls into 
question previous research suggesting inorganic Hg enters methylating bacteria cells via 
passive diffusion of neutral species.  Instead, this recent study suggested that uptake is 
an active process and that both charged and neutral species can enter the bacteria 
where methylation occurs(Schaefer, Szczuka et al. 2014).  Other studies in recent years 
have also suggested that the emphasis on only neutral species crossing the cell 
membrane may be misplaced, but this has been a slow paradigm to shift.    

 
The langue surrounding methylation of inorganic Hg doesn’t necessarily need to reflect 
the most current understanding of these dynamics—we don’t need to get into the weeds 
here—it may be sufficient to simply indicate that multiple variables have been shown to 
influence Hg transport and methylation, which include DOC, SUVA, etc.  
 
While I concur with the statements from Ravichandran 2004 indicating the potential 
inhibition of methylation due to complexation with DOC, I wonder if this effect only 
occurs are relatively high DOC concentrations?  It should be noted, that while DOC is 
present in the streams flowing from BBM, the DOC concentrations tend to be quite low 
to what has been reported in other studies on Hg dynamics.   The fact that we’re 
operating in a system with fairly low DOC should be kept in mind when comparing 
Hg/DOC dynamics from the literature.  
 

Follow-Up Response:  It is agreed that it should be indicated that multiple variables have been shown to 
influence Hg transport and methylation and this will be made clear in the text.  

 
 
Comment 4 Section 4.2.2.1, Paragraph 2. Regarding: “This suggests that DOC related to the increase 

in runoff from the terrestrial watershed and enhanced re-suspension of upstream 
sediments induced by the storm was more aromatic than DOC associated with base flow.”  
The relationship between re-suspended sediments (>0.45um) and DOC (<0.45 um) is not 
clear in this sentence.  In general, I like the use of differences in DOC and SUVA to help 
identify different source areas of Hg during base-flow and storm flow conditions, however 
this type of analysis if not very clearly presented here.  

 
Response This section will be rewritten to improve clarity. It was not the intention of this section 

to imply a connection with DOC and suspended sediments. Rather, it was the intent of 
this section to illustrate that the increase in DOC (<0.45 µm) at the different sampling 
sites have a different composition of DOC sources. There was a general increase in 
aromatic DOC from base flow in all sites, however, Garoutte and Dennis increased more 
significantly than Furnace Creek, suggesting that the former have larger terrestrial 
contribution than the latter. 

 
Comment 5 Section 4.2.2.1, Paragraph 2. Regarding “Mercury associated with terrestrial runoff was 

bound up with aromatic compounds and less available to undergo transformations…” Not 
sure I agree with this statement.  Would need to be provided with citation that shows that 
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methylation is decreased when Hg is associated with aromatic compounds.   As mentioned 
above, I think the opposite could be the case.  

 
Response It is agreed that the language is too strong to include discussion regarding 

transformations here. The report text will be modified to state “Mercury associated with 
terrestrial runoff would potentially be more complexed with aromatic DOC in Garoutte 
and Dennis Creek, thereby decreasing the potential of uptake of MeHg in the aquatic 
food-web, as compared to Furnace Creek.”  

 
CE Response   The proposed sentence re-write is still a bit confusing in that it seems to be mixing the 

effect of DOC on THg transport (i.e. the dissolved phase of THg is likely associated with 
DOC) with the effect of DOC on MeHg uptake.   Potential re-write: “Mercury associated 
with terrestrial runoff would potentially be more complexed with aromatic DOC in 
Garoutte and Dennis Creek than Furnace Creek.  Differences in DOC characteristics 
between these streams will have implications for inorganic Hg binding and may 
influence subsequent availability for methylation downstream.”  Or something to that 
effect.  

 
Follow-up Response: Considering that the studies show varying results on the influence of DOC on the 

availability of Hg(II) for methylation, we want to avoid drawing a hard conclusion on 
this point but rather keep the dialogue more encompassing of the range of possibilities. 
There does appear to be a consensus, however, that aromatic DOC does prevent the 
uptake of methylmercury into the base of the food web, and that is what the intention is 
of this portion of the re-write, with focus on the small fraction of methylmercury present 
in the total mercury pool. The text will be clarified to illustrate this point. 

 
 
Comment 6 Section 4.2.2.1, Paragraph 2. Regarding “SUVA values correlated well with total mercury 

concentrations in Garoutte Creek at GU1 and GD1, with r2 values of 0.82 and 0.63” Were 
similar regressions run with DOC and THg and determined to have lower r2 values?  It 
would be interesting to know if using SUVA improves or decreases the fit of the regression 
compared to just using DOC.   Also, I presume that the THg concentrations used in the 
regressions are just the dissolved phase, correct?  

 
Response Yes, and these values will be added to the narrative in the final report. The THg 

concentrations are indeed in the dissolved fraction, and this too will be clarified in the 
final report. A table showing the r2 values of correlations between total mercury and 
SUVA/DOC is shown below for the four surface water sampling sites. 

 
 GD1 GU1 D1 F1 
SUVA 0.63 0.83 0.47 0.53 
DOC 0.28 0.33 0.72 0.64 
 

 
Comment 7 Section 4.2.2.1, Paragraph 2. web 
 
Response This typo will be corrected in the final report. 
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Comment 8 Section 4.2.2.1, Paragraph 3.  Regarding: “it was mostly bound with aromatic DOC and 
unable to undergo transformations and processes that would lead to accumulation in the 
food web of Garoutte Creek.”  A few points, as mentioned above I don’t think DOC 
necessarily decreases Hg’s ability to become methylated, though I do concur that MeHg 
may be less efficient at entering into biota under high DOC conditions.  However, I think the 
word “unable” is way too strong in the sentence. Also, stated in the Tsui and Finlay et al. 
2011, streams with low DOC have higher efficiency for MeHg accumulation in biota than 
high DOC streams.  This is a big difference than saying the DOC makes Hg “unable to 
undergo transformation and processes that would lead to accumulation…”.  Particularly 
since the Report does not state where Garoutte is on the gradient of DOC concentrations.  
From that Tsui and Finlay et al, 2011 they had a SUVA range of 2.5 to 4.5 L/mg-m. In all of 
the Black Butte area creeks the SUVA levels were <2.5 L/mg-m.  Therefore, the SUVA levels 
in Garoutte would be characteristics of streams that have high efficiency for MeHg 
bioaccumulation if compared to the work of Tsui and Finlay.  The text in the Report 
suggests just the opposite to be the case, which is I think is inaccurate***.  

 
***Caveat: I haven’t actually read all of Tsui and Finlay et al, 2011 (or all the other papers 
on Hg SUVA dynamics), so I may be missing something here.  But from my initial 
assessment, it appears that this Report miss-characterizes the influence of SUVA on Hg 
uptake dynamics; but I’m open to discussion on this point.  

 
Response The current discussion on the influence of DOC on the fate and transport will be isolated 

to accumulation in the aquatic food web in the final report. There are multiple studies 
that show the potential for DOC to both increase and decrease methylation with specific 
conditions. The literature is a bit scarce on the specifics of direct influences of aromatic 
DOC. The discussion about the complex nature of mercury transformations will be 
further discussed in the OU1 RI.   

 
Comment 9 Section 4.3.2, Paragraph 4. Regarding “Most of the sediment samples exceeded the 

mercury screening value of 0.2 mg/kg, which is based on the Oregon Level II freshwater 
sediment screening values. At Garoutte Creek, the background sample exceeded the 
screening criteria for the -2mm size fraction and the -63 µm size fraction. Only the bulk 
sample met the mercury screening criteria”.  Question, is the 0.2mg/kg value only relevant 
to compare with bulk samples?  I’m not sure if its really an exceedances if only a certain 
size fraction of the sediment exceeds the criteria (i.e. only the fine particles).  While, I think 
it’s important to know the concentration associated with finer particle sizes (in terms of its 
ability to be mobilized, etc.), I’m not sure if this information can be directly compared to 
criteria values?  In general, it may be the case the entire watershed has some level of 
natural/geologic Hg enrichment, but overall the sediment data suggests that upstream of 
BBM the sediment was below the criteria values whereas downstream of BBM the 
sediment exceeded criteria values.  

 
Response The language in the text will be modified to articulate that the use of Oregon Level II 

Freshwater Sediment Screening Values to evaluate concentrations of specific size 
fractions was meant only as a qualitative comparative tool and a starting point for this 
analysis. To prevent misunderstanding of the significance of the screening criteria used 
in the data summary report, the term will be changed to “comparison criteria” for all 
subsections included in Chapter 4.   
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Comment 10 Figure 4.3-2, 4 and 5. The units for sediment should not be ng/L. 
 
Response Concur. The units will be changed to mg/kg in the final report.  
 
Comment 11 Section 4.3.2, Paragraph 6. should not ng/L?  Occurs elsewhere when referring to MeHg 

sediment concentrations. 
 
Response  Concur. The units will be changed to mg/kg in the final report. 
 
Comment 12 Section 4.4.1, Paragraph 2. Regarding: “Also, the precipitation concentration is less than 

the chronic surface water standard for protection of aquatic life, but it is higher than the 
water column guidance value of 0.92 ng/L established by the TMDL for the Coast Fork of 
the Willamette River watershed.”  This seems like an apples to oranges comparison and I 
think this entire sentence can be removed.  

 
Response Similarly to the comparisons mentioned in Comment 9, the chronic surface water 

standard for protection of aquatic life is used here as a qualitative comparison value. 
The text will be modified to clarify that this standard is used as a comparison criteria 
only.  

 
Comment 13 Figure 4.4-1.  Atmospheric Hg concentrations are not the same as dry deposition.   

Concentrations not deposition are shown.  
 
Response Concur. Concentrations were indeed shown and the term dry deposition should not 

have been used in this case. However, the use of dry deposition is now being removed 
from the model, see response to Comment 14 below.   

 
Comment 14 Section 4.4.2, Paragraph 2. Regarding: “Annual dry deposition (mg/yr) was converted to 

a monthly mercury concentration (Cair) in air (pg/m3)”  Need to specify what species of Hg 
is being estimated here.  Presumably, this is RGM (aka GOM) and HgP (aka PBM)…but 
would not include Hg0.  Typically atmospheric total gaseous Hg concentrations are fairly 
stable and range from 1-2 ng/m3.  The concentrations presented here are <25 
pg/m3….there is no way that the total atmospheric Hg concentrations can be this low.  
What has been calculated is a small sub-fraction of the total atmospheric Hg concentration 
that is a form that is available for dry deposition (predominantly GOM and PBM).  This 
important distinction should be clarified in the text. 

 
Response Concur that the estimated air concentration is low compared to typically what is seen as 

ambient background and the discussion and use of the estimated air concentrations will 
be removed from the report text. Air concentrations were estimated using wet 
deposition values to be used as an input to the WARMF model. After further 
investigation, it was determined that the air concentration input to the model has a less 
than 0.01% influence on the model output.  

 
Comment 15 Section 4.6.1, Paragraph 8. Confirm that “concentrations in Garoutte Creek of 3.84 ng/L 

filtered and 3.84 ng/L total.” Is not a typo.  
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Response This is a typo and will be corrected in the final report.  
 
Comment 16 Section 4.6.2, Paragraph 5. relative velocity? 
 
Response The reciprocal of the retardation factor expresses the relative velocity of dissolved 

mercury transport in groundwater as compared to the bulk groundwater velocity (i.e. 
vc/v) . We cannot accurately estimate the bulk groundwater velocity at the site, because 
aquifer tests have not been conducted. However, evaluation of the relative velocity 
shows that mercury transport in groundwater would be expected to be much slower 
than the bulk groundwater velocity.  

 
Comment 17 Section 6.2, Study Question 2, Paragraph 4. Regarding: “Assessment of mercury sources 

located upstream from the GU1 study area should also be considered, because the 
upstream loading appears to be the largest contributor to mercury loading in Garoutte 
Creek based on available data” While the Garoutte upstream load is larger than 
contributions from Dennis and Furnace, the concentration of upstream Garoutte water is 
not particularly elevated (i.e. ~10ng/L) given what would be expected from a natural 
mineralized catchment.  We may want to investigate further whether upstream mining 
disturbances, etc have resulted in increased Hg loading but I’m not sure if the 
concentration levels warrant such an investment.  

 
Response There is a wide range of mercury values in the water column of streams in the United 

States that are not affected by mining. A comprehensive USGS study performed in 2009 
evaluating 250 unaffected streams found a mean total mercury concentration of 2.96 
ng/L and a median of 1.9 ng/L (USGS, 2009). The mean for all sites, both unaffected and 
affected by mining for 336 streams was 8.22 ng/L. While the Garoutte Creek mercury 
concentration is below the mean of 23.5 ng/L found in 86 mining-affected streams, it is 
high relative to unaffected streams. Considering this, it appears that there might be 
potential for upstream influences to the mercury concentrations observed in Garoutte 
Creek.  

 
As discussed in Chapter 3 of the data summary report, available geological information 
suggests that a relatively wide-spread area of hydrothermal alteration and associated 
natural mercury enrichment may be present in the Garoutte Creek watershed. The 
referenced language in the conclusions of the document will be revised to recommend 
that EPA consider evaluation of historic mining-related disturbances (e.g. reported uses 
of mine slag for road grading purposes) in the Garoutte Creek watershed upstream of 
OU1, which may contribute to an increased rate of mercury dispersion into surface 
water.   

 
Comment 18 Section 6.2, Study Question 3, Paragraph 3. It’s generally understood that “dissolved” is 

operationally defined and may include colloidal fractions of Hg. However, given the good 
correlation of dissolved Hg with DOC, I think we can be pretty confident that most of the 
filtered phase Hg is being transported in association with DOC and may not warrant 
further investigation into particulate Hg transport in the <0.45 µm fraction.    
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Response The correlation between THg in the <0.45 µm fraction is variable throughout the 
different stream reaches. The correlation of THg and the aromatic fraction is fairly 
strong. However, the overall correlation with DOC is week in Garoutte Creek, in both the 
upper and lower stations as presented in the response to comment 6. The low 
correlation between mercury and DOC implies that mercury could be transported either 
via inorganic colloids or in a truly dissolved state. This may be significant in this 
evaluation considering that truly dissolved mercury is more available for methylation 
than mercury bound up by colloids (Lui et al., 2012). 
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Appendix E. WARMF Model Hydrology Tech Memo 
 

Comment 1 Section 3.3, Paragraph 3. Regarding: “The sensitivity analysis shows that the most 
sensitive parameters for affecting annual flow rate in the Black Butte Mine model are the 
saturated moisture content and precipitation”. Future field sampling should take this into 
consideration and we should consider whether additional measurements of how soil 
moisture content responds to precipitation from Dennis and Furnace catchments are 
needed.  Would this additional field data help in the model parameterization?  If so, add 
this to the section 6.3 Recommendations for Additional Work. Because most of the Hg 
mobilized from the streams is associated with particle entrainment, it seems important to 
have a good understanding of the zones of soil saturation within the watersheds where 
overland flow/erosion may be occurring because this is where any mitigation measures 
would need to be targeted.  

 
Response CDM Smith concurs and will include some additional recommendations in Section 6.3 to 

include soil moisture, hydraulic conductivity, and assessment of topographic influences 
on soil water storage. 

 
Comment 2 Section 3.3, Paragraph 3. Regarding “The sensitivity analysis reveals that simulated wet 

weather runoff rates are predominantly controlled by the soil layer generating runoff” This 
seems like an interesting point, but I’m not quite sure what is meant by the “soil layer 
generating runoff”.  Can this be further clarified/explained in this section of the text.   Are 
these results indicating that most of the storm flow is from subsurface saturated flow (aka 
vadose zone groundwater as it is called in the Report)?  If this is the case, it would be good 
to see common terminology used between the model appendix and the main text discussing 
the field results. Also, it would be great to see more of a linkage between what was (or was 
not) measured in the field and how it relates to the model results.  This could be included in 
the main report when discussing field results and would provide more of synthesis of the 
modeling and field knowledge.  

 
Response The text will be revised to match the discussion of field results. It is true that vadose 

zone groundwater plays a major role in the downstream hydrology, but CDM Smith 
recognizes the model may oversimplify the hydrologic response by averaging soil 
hydrologic processes over large topographically diverse catchments.  

 
Comment 3 Section 3.3, Paragraph 4. Regarding “….infrequent occurrence of overland flow.”  A brief 

discussion of the spatial aspects of overland flow should be included.  I would presume that 
there are some areas of the watershed where overland flow is extremely infrequent, 
whereas other areas (perhaps immediately next to streams) where is may be more 
frequent.  By just saying that overland flow is infrequent doesn’t provide information on 
the spatial characteristics of this flow path.  Because so much of the storm flow is bound to 
particles, if overland flow is not occurring, then this points towards the particulate load 
originating mostly form in-creek suspension of sediment.  However, the field results looking 
at Hg concentrations of suspended particles and comparing them to the sediment 
concentrations suggests that that the particles may be originating from tailings materials 
located within the watershed.  Without overland flow transporting these particles to the 
streams, what would be the transport mechanism?  More discussion should be included 
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that links the model and the field results—even if the results are not in agreement in terms 
of proposed processes. Additionally, future model calibration will need to consider that 
overland flow processes are occurring in some areas throughout most of the catchments. 

 
Response CDM Smith recognizes the model may oversimplify the hydrologic response by 

averaging soil hydrologic processes over large topographically diverse catchments. 
Accordingly, we have included some caveats to the model results interpretation to this 
effect. Future updates to the hydrologic model will consider further discretizing the 
catchment delineations to simulate hydrologic processes differently in down-gradient 
topographic areas where soils are more likely to generate overland flow and associated 
erosion of soils and associated mercury  

  
Comment 4 Section 4.1, Paragraph 1, Bullet 2.  Regarding:” Leaching of mercury from groundwater 

to the creeks”….I wouldn’t say Hg is leached from GW to the creeks.  Hg is leached from 
solid phase materials into the GW and then transported to the stream…As such I would 
replace “Leaching” with “Transport”.   

 
Response We concur. The report text will be revised accordingly 
 
Comment 5 Figure 4-1. Dry deposition is not plotted on the graph…this is an air concentration.  
 
Response We concur. The discussion and use of dry deposition will be removed from the Figure 

and the discussion as outlined above in the response to Comment 14 on the main body 
of the report. 

 
Comment 6 Section 4.1.1, Paragraphs 5, 6, and 7. Regarding: “The closest sites to the BBM study are 

in Santa Cruz, CA and Salt Lake City, UT. These data are expected to be made available to 
the project team in the first quarter of 2014 and will be used to refine model inputs, if 
warranted.”  If needed, I have access to this data currently, let me know. Though I don’t 
think the Santa Cruz data should be used. It is a marine boundary layer site which would 
have different Hg speciation that the Black Butte area.  Salt Lake is also less than ideal due 
to its urban influence. The Mt Bachelor Hg speciation measurements may be a better fit, 
but also have the problem that they are occasionally measuring free-tropospheric gaseous 
oxidized Hg (GOM) at the site, which would be higher than at Black Butte. But there are 
sub-sets of this data that may be appropriate for comparison. Though there have been 
several papers recently (see work of Lyman and RAMIX project) that have called into 
question the ability of the Tekran analyzers to accurately measure GOM.  As such, 
calibrating the model to these field measurements may have some limited utility. Though I 
presume that the overall Hg load in the creeks isn’t too impacted by contemporary dry 
deposition, so perhaps the accuracy of this parameters doesn’t matter too much? 

 
Response Agreed. For the next phase, we will update the analysis with the appropriate subset of 

Mt Bachelor data if you can provide it to CDM Smith. 
 
CE Response  Data from Mt Bachelor can be requested here as needed: 

http://www.atmos.washington.edu/jaffegroup/modules/archive/ 
Follow-Up Response: The Mt Bachelor data will be used to update the analysis. Thanks! 
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Comment 7 Section 4.1.1, Paragraphs 5, 6, and 7. Regarding “For mercury, several studies have 
found a 1:1 wet to dry ratio of annual atmospheric deposition (EPA, 2001).”  This reference 
isn’t listed in the references. It isn’t in the references in the main Report either. In terms of 
the 1:1 ratio….this ratio is extremely variable depending where you are in North America.  
The Great Basin is dominated by dry deposition, whereas some pacific rainforest areas are 
dominated by wet deposition.  Given this large spatial variability, I’m skeptical of  the 
rationale for using a 1:1 ratio simply because other studies have found this to be the case.  I 
think we could find a study that found just about any ratio.  More justification should be 
provided as to why these particular studies would be the most applicable to the BBM site.  

 
Response We can compare the estimated air concentrations with the appropriate Mt Bachelor 

data and make adjustments if there is a significant difference. 
 
Comment 8 Section 4.1.2, Paragraph 3. Lyons et. al., 2006 is not included in the references.  
 
Response Reference will be corrected (Lyons et al., 2007). 
 
Comment 9 Section 4.1.2, Paragraph 4. Regarding “The relatively high partition coefficients shown 

for the site soils in Table 4.1 suggest leaching potential of mercury from site soils is 
negligible.”  How do we reconcile this information with the ~800ng/L of Hg in the dissolved 
phase in Furnace Creek during the March storm event?   

 
Response We concur that the elevated dissolved fraction of Hg is not negligible and the text will be 

modified accordingly in the final report. The partition coefficients were developed using 
groundwater and aquifer material, and are not necessarily applicable to surface water. 
The partition coefficient comparison will be used to show a contrast with ground and 
surface water.  

 
Comment 10 Section 4.2, Paragraph 1. Regarding “The drainage area to the Upper Garoutte Creek site 

does not contain any BBM tailings and therefore mercury sources and pathways were 
constrained to atmospheric deposition and subsequent groundwater leaching or wash off 
in particulate form.”  The soils in the catchment contain Hg from historic atmospheric 
deposition and possibly from natural geologic enrichment.  Numerous studies have shown 
that catchments typically retain >85% of atmospherically deposited Hg in soils/organic 
material. Over time, this has resulted in a large buildup of Hg in the soil, which slowly is 
released over time.  Work at part of the METAALICUS project (summarized in Harris et al 
2009 PNAS) found that newly deposited Hg is retained within a catchment for years prior 
to its mobilization in runoff. As such, there is a large temporal disconnect between Hg in 
contemporary deposition and Hg mobilized in runoff. From the description above of the 
WARMF model, it sounds like the Hg deposited during a given event is immediately 
mobilized in runoff. Is this correct?  If so, how does this abstraction influence (and 
potentially bias) the model results? 

 
Response WARMF does include simulations of mercury transformations, but with the short time 

step of the model, it would be hard to properly simulate this lag. In the next model 
update, we will develop an approach to account for this mechanism.  
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Comment 11 Section 4.2, Paragraph 2. Regarding “It’s possible that larger rain events increase 
mobilization of mercury, and that the WARMF model results are appropriate.”  My gut 
reaction is that GU1 never reaches concentrations up to 100 ng/L (or even above 
15ng/L)…just guessing here, but I suspect that at higher flows, we will not see a continued 
increase in Hg concentrations as suggested in Fig 4-4.  Without the tailings in this upper 
catchment, what is the model deriving this source of Hg from?  Glad to see that future 
sampling will target larger flow events to help clarify this.  

 
Response With additional calibration data we will be able to modify the model for the Upper 

Garoutte sub-watershed to represent actual data for higher flow events, as well as in 
calibration of water quality in the Furnace and Dennis Creek sub-watersheds.  

 

Chris Eckley comment on BBM Eco Risk Assessment Problem Formulation (Appendix F) 
 
Comment 1 Section 5.3.3, Bullet 4. Regarding: “ Are the levels of COPECs in whole body fish tissue 

from OU1 areas downstream of mining activities higher than the levels in whole body fish 
from background locations upstream of mining activities?  - Data needed to support a 
response to this question include COPEC concentrations in whole body fish from locations 
within the aquatic ecosystems of OU1 and from regional background locations (i.e., 
upstream of mining activities). “ 

 
Any comparison of contaminant concentrations between OU1 and background areas needs 
to take into consideration potential differences in trophic position.  Very large differences 
in Hg concentrations can exist within the same species of fish (or other biota) if they have 
different trophic positions.  Determination of trophic position though stable N isotope 
analysis is relatively straightforward and inexpensive and is important for the comparison 
of species between different systems (ie upstream versus downstream). 

 
Response We assume that comparisons of Hg concentrations in whole body fish will be made 

between fish of the same species and of similar age class. Such restrictions should 
minimize the potential effects of different diets or foraging strategies (e.g., foraging 
range), based on the assumption that similar aged fish of the same species have similar 
diets and foraging strategies. Uncertainties will be identified and discussed where such 
comparisons cannot be made (e.g., where only different species and/or different age 
classes are available for collection). Stable N isotope analyses are currently not planned 
but may be considered pending input from all interested parties.  Also note that for risk 
assessment purposes Garoutte Creek was collectively agreed to be moved into the U2 
investigation by risk assessment staff from EPA and CDM Smith on a March 24, 2014 
risk assessment call and that OU1 surface waters (namely Furnace and Dennis) are not 
large enough to support sizeable fish, but will be evaluated for  

 
Also note that for risk assessment purposes Garoutte Creek was collectively agreed to be 
moved into the OU2 investigation by risk assessment staff from EPA and CDM Smith on 
a March 24, 2014 risk assessment call.  OU1 surface waters (namely Furnace and 
Dennis) are not large enough to support sizeable fish and likely provide a limited 
amount of the total food source for mobile receptors such as piscivorous birds and 
mammals or those that primarily consume aquatic invertebrates. Therefore, sampling of 
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fish is not recommended for Furnace (not likely to support any fish) or Dennis Creeks. 
However, mercury concentrations in sediment in Dennis Creek indicate a potential for 
adverse effects for BMI occurring there. It is recommended that BMI sampling be 
conducted at site and background locations in or up-gradient of Dennis Creek to 
determine if there are unacceptable impacts to the BMI community. These data would 
support an evaluation of the bioavailability of mercury in OU1 sediments. 
 

Appendix G. Human Health Risk CSM (Comments Provided by Lon Kissenger) 

Comment 1 Given that the primary risk appears to be associated with consumption of mercury 
contaminated fish, should anything be done to focus on this pathway rather than soil 
exposure risks?  I realize that fish consumption risks are to be considered for other 
operable units. In providing a rationale for the sequence of addressing various operable 
units, what has been done already to address human health risk via fish consumption 
should be explained.  This is of importance from a public health and risk communication 
standpoint. 

Response Fish consumption will be the most important issue for human health for the site as a 
whole, and a focus on this pathway will be appropriate.  Also, the rationale for defining 
informal operable units at the site and the proposed sequence of addressing these units 
does need to be clear. 

Originally, an effort to characterize the entire site from the source area (former mine 
site) to Cottage Grove Reservoir was developed.  Optimization of study has presented an 
approach that extends implementation over a more extended time period, which led 
directly to defining operable units (OUs).  Since the mine site could be an ongoing source 
of mercury to downstream OUs, this area was the first unit to be defined and addressed.  
The concept was to move most quickly toward mitigation/remediation of ongoing 
releases from the mine, then focus on existing contamination in surface water, sediment 
and riparian soils.  It is not clear if OU2 and OU3 will be addressed at the same time, or if 
they will also be sequenced (see response to comment 2). 

Downstream OUs were loosely defined as (2) creeks and rivers, and (3) the reservoir, 
based primarily on differences in habitat/ecology and on expected recreational uses.  
Initially, OU2 included Garoutte Creek from its confluence with Dennis Creek 
downstream to the mouth of the Coast Fork of the Willamette River at Cottage Grove 
Reservoir.  Rethinking this definition in response to the above comments suggested 
including the short reach of Garoutte Creek from the Dennis Creek confluence upstream 
to the background sampling station above the mouth of Furnace Creek in OU2 rather 
than OU 1.  This redefinition of the OUs includes all of Garoutte Creek that may be both 
affected by mine wastes and able to sustain a fishery in a single unit, which will help in 
defining needs for sediment, benthic macro invertebrate, surface water and fish 
sampling to support both human health and ecological risk assessments. 

The source area (OU1) needs to be evaluated and addressed as needed to eliminate 
significant ongoing releases before any remediation can be considered downstream.  
Dennis and Furnace Creeks are too small to support fisheries and, from a health 
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standpoint, can be considered as historical and possibly ongoing sources of release to 
Garoutte Creek. 

Creeks and river serve as both transport pathways for contamination and also support a 
fishery used by some recreational visitors; the reservoir is both a sink for mercury 
transported downstream from the site (and perhaps other mercury sources in the 
watershed) and is heavily used by anglers, swimmers, boaters, etc.  These OUs will be 
the primary focus of characterization for and assessment of health risks due to 
consumption of locally caught fish.  At this time, planning is underway to identify 
sampling schemes, locations and timing.  This planning will include coordination, as 
much as possible, between needs for both human health and ecological risk assessment. 

Comment 2 Appendix G notes that fishing tackle has been discovered along Garoutte Creek.  This is an 
additional observation supporting analysis of fish consumption risks during risk 
assessment activities for OU1.  Ecological risks will obviously address indirect exposure to 
mercury via the food web, and it seems inconsistent to not address this pathway for 
humans. 

Response Fishing tackle was discovered along Garoutte Creek during a site visit, but the location 
was a few miles downstream of the mine site.  However, the gist of the comment is still 
germane.  By redefining boundaries of the OUs, health and ecological risks will be 
addressed concurrently for creeks, river and reservoir.  This approach will make the 
evaluation of the different parts of the NPL site consistent, and will assist with plans for 
coordinating characterization efforts. Based on March 24 risk assessment conference 
call, there was a recommendation to combine OU2 and OU3, there were the following 
recommendations: 

• All of Garoutte creek as OU2. 
• Combine OU2 and OU3. 

 
With regards to these recommendations, CDM Smith has combined Garoutte creek into 
OU2. Further discussions with EPA are planned to decide on the grouping of OU2 and 
OU3.  

Dennis and Furnace Creeks will still be assessed for ecological risks for OU1, but since 
neither creek can support fishing, no inconsistency with the health risk assessment will 
arise.  The creeks will be assessed as appropriate for direct contact pathways for visitors 
to the site. 

Comment 3 Zoning for the site and its relevance for potential future exposure needs to be examined.  If 
the site is currently zoned for potential future residential use, than data supporting 
residential exposures need to be collected.  The risk assessment needs to characterize risks 
associated with potential future use.   

Response Included in response to Comment 4 response below. 
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Comment 4 Exposure units need to be defined for relevant scenarios for both human health and 
ecological risk assessment. 

Response This response is intended to address issues brought up in Comments 3 and 4. This is 
supplemental info for OU1 data summary report. These considerations will be 
incorporated in the final OU1 RI report. 

Consideration of zoning for the site is reasonable given private ownership of the land by 
an entity that may wish to sell the property without regard for buyer’s plans.  This issue 
was discussed at some length during a visit to the site on March 30 and 31, 2014.  

Recreational visits to the site are likely to be infrequent and few areas on the site would 
be attractive to visitors.  Thus, the site as a whole is currently considered as an exposure 
unit for people that might visit the site for hunting, hiking or other recreational 
activities.   

Residential development of the site is theoretically possible, although given the lack of 
development in the vicinity of the site over the last few decades suggests that the area is 
not viewed as particularly attractive for new construction. If construction were to occur, 
it would likely be directed at locations on the site that are relatively flat.  For the most 
part, these areas are either on mine waste/tailings or along creek flood plains. To 
identify buildable areas, results from a Light Detection and Ranging (LiDAR) survey of 
the site were used along with reasonable definitions of buildable terrain to identify 
residential exposure areas.   

Terrain at the site is steep and building on most areas would be demanding.  Building 
codes in Oregon impose restrictions on building slopes steeper than 12 percent (LCO, 
Hillside Development Code), and this gradient was used to help identify buildable areas 
of the site.  Further, lot sizes in the vicinity of the mine site are large, reflecting the rural 
character of the valley above the reservoir.  A minimum lot size of 13,000 ft2 (0.3 acres) 
was used to identify contiguous areas buildable areas with slopes of 12 percent or less 
(Attached Figure 1.0-2).  One-hundred year flood plains were also considered in this 
analysis to exclude flat areas that would be subject to flooding.  

A few homes could be sited at the mine, both upland and near Garoutte Creek.  Areas 
where homes could be sited may be considered individual exposure units, or contiguous 
flat areas could be characterized as a single unit.  In any case, available sampling 
appears to be sufficient for a single recreational exposure unit, but inadequate to 
characterize residential exposure unit(s).   

Exposure units for ecological risk have not yet been fully defined.  Sampling efforts at 
the mine site will require coordination between ecological and health risk assessors to 
provide adequate characterization to support both risk assessments. 

Comment 5 Ecological and human health exposure units should be examined to determine whether 
any sampling can be done which would support both human health and ecological risk 
assessment. 
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Response We are close to reaching consensus on exposure units for human receptors (see 
response above).  Additional sampling will likely be needed to support assessment for 
residential exposure.  Ecological exposure units have not been fully defined and will 
likely involve home-ranges for small vertebrates.  Once all exposure units are defined, 
risk assessors should discuss sampling with managers and the field team. 

Comment 6 Existing soil data need to be examined for their relevance to human health and ecological 
risk assessment. 

Response We concur. Three issues will need to be examined in detail as effort moves into 
completing the risk assessments.   

• First, a data set that reflects local background for mercury and perhaps other 
inorganic constituents will need to be identified (see response below).   

• Second, an analysis of historical and recent soil data (using XRF from well 
installation and DMA investigation) will be needed to demonstrate that such 
data are consistent with laboratory analyses.  This effort could involve 
additional sampling as part of the validation effort, or to replace data that do not 
appear to be useable for risk assessment.   

• Third, spatial distribution of data will need to be evaluated to help ensure that 
useable data are adequate to characterize exposure units for both human and 
ecological receptors. This evaluation will include examining bias in sampling 
locations and statistical means to reduce or eliminate this bias (if applicable).  
Some additional data collection may be warranted. 

All of these analyses have been initiated, and will be completed prior to any additional 
field efforts for soils at the site. 

Comment 6a Likely not an issue here, but what are risk-based analytical concentration goals, and are 
there any issues with the analytical method chosen? 

Response For human health, risk-based analytical concentration goals for soil are much higher 
than target reporting or detection limits.  The lowest Regional Screening Level (RSL) for 
soil (residential) is 7.8 mg/kg for methylmercury.  Target Reporting Limits 
(RLs)/Detection Limits (DLs) are all less than 1 mg/kg and positive results are often 
reported at concentrations less than 0.1 mg/kg. 

For sediment, risk-based goals are difficult because biologically significant amounts of 
methylmercury may be produced from even small concentrations of mercury.  Further, 
the relationship between sediment concentrations and tissue concentrations is not 
known at this time.  Since bioaccumulation of methylmercury into fish is likely to drive 
both health and ecological risks, this relationship is key to evaluating risk-based goals.  
At this time, mercury analyses for sediments are simply pushed as low as practical and 
RLs and DLs are typically in the less than 0.1 mg/kg range. 

Risk-based goals for fish depend, of course, on assumptions made for fish consumption 
rate.  At this time, the RI has not moved into a phase where fish will be collected and 
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analyzed for mercury/methylmercury.  Risk-based goals for human health are likely to 
fall between 0.01 and 0.1 mg/kg for unrestricted consumption, and up to 1 mg/kg for 
fish advisories of 1 or 2 meals per month.  RL/DL targets for fish tissue have not been 
established based on possible risk-based goals for protection of human health.  It is 
likely that such targets will be pushed as low as practical in order to assess relatively 
large fish take from the reservoir.  Note that many fish taken from the lake will be 
rainbow trout and perhaps other salmonid species that are regularly stocked.  As many 
as 120,000 trout are released to the reservoir each year.  It is likely that the large 
majority of these fish will not remain in the reservoir long enough to accumulate 
significant amounts mercury.  This issue will need to be addressed during planning for 
fish sampling for downstream units.  

Difficulties peculiar to the assessment of OU1 have not been encountered with the 
laboratory methods used.  Field methods will need to continue to be corroborated with 
split samples analyzed in certified laboratory(ies). 

Comment 6b Are the existing data representative of an exposure unit or is the existing sampling biased? 

Response Narrowing this comment to OU1, and given that residential exposure will be examined 
for at least part of the site, data may not adequately characterize the site to support 
health risk assessment.  Further, data are mix of historical and current, and systematic 
and biased sampling.  Early data collection efforts at the site focused on mine wastes as 
sources of mercury and perhaps other inorganic constituents to the creek.  Data 
collected to support characterization of nature and extent of contamination are useful 
for risk assessment, but may not prove adequate for calculating exposure point 
concentrations.  Some initial analyses of available data are underway to attempt to 
reconcile historical and more recent data, and to account for existing bias.  These 
analyses will help determine the scope of any additional data collection necessary. 

Comment 6c Are solid media samples appropriate to support risk assessment?  Considerations might be: 

i. Depth at which sample was taken. 
ii. Grain size 

Response The question of representativeness of data for risk assessment has not yet been fully 
addressed.   A best case scenario would be a finding that variance of concentrations of 
mercury and other Contaminants of Potential Concern (COPC) (if any) are similar 
spatially and with depth.  Old and new furnace tailing would need to be evaluated 
separately, since the older process was less efficient at extracting mercury.   

Comment 6d Are there sufficient samples that represent each exposure unit to compute robust exposure 
point concentrations?  If not, how many additional samples are needed and what should 
their locations be? 

Response As indicated above, with the addition of a residential scenario, we may not have 
sufficient data for Exposure Point Concentrations (EPC) calculations.  How many 
addition samples will be needed is difficult to determine at this point. Evaluation of 
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small and large scale variability in mercury concentrations, sampling methods and 
field/lab analysis methods will all be important, near-term considerations. 

Comment 7 Background 

Comment 7a How will background and site contaminant concentrations be compared to determine the 
site related risk component? 

Response Background will be used in at least two ways.  First, a Upper Threshold Limit (UTL) or 
Upper Predictive Limit (UPL) will be calculated for a background data set(s).  These 
values will be screened against maximum concentrations in available site data sets to 
assist in identification of COPC.  Mercury will be one focus of such comparisons, but 
comparisons for other inorganic constituents (e.g. arsenic) may also prove valuable 
during screening. 

Second, appropriate statistical tests may be used to compare background and site data 
for exposure units defined for the site.  Nature of tests used will be determined by 
sampling methods (discrete, composite, and incremental) and data distributions.    

Comment 7b What are the data needs to characterize background and site contaminant 
concentrations to support comparison?    

Response Defining an adequate background data set for the site will be challenging.  An initial 
analysis with available historical data (mainly field measurements) was not successful 
in extracting such a data set.  This “inflection point” analysis could be refined with new 
data or by regrouping data, but it seems unlikely that this statistical approach will do 
better than suggest a range for the upper limit of background concentrations.  At this 
time, characterizing background is an ongoing discussion with field team, project 
managers (PMs), and risk assessors. 
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